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ACTINOMYCOTIC dermatitis' IN CEOSS MERINO LAMER 

By H. K. Lall, B,Sc., M.R.C.Y.S., Assistant Animal IliisbaiKlry Coiruuissicaipr 
with the Government of India and V. R. Rajagopalan, Rip. Ba,ct, (Viot.). 
Indian Veterinary Research Institute, Miikteswar-Kumaon 

(Received for publication on 4 November lO-d 8) 

(With plates I to HI) 

A PECULIAR form of dermatitis was noticed among the lainbs at the Govom- 
ment Livestock Farm, Hissar, and, at one time, it caused some concern as 
mortality among the affected ones was rather high. The disease was observed in 
1942 among a few lambs but it attracted particular attention when it assumed 
serious proportion in 1944. The disease at first, occurred in one of the blot^ks of 
the farm and spread to another one, about four miles away, in about two week»s. 

Clinical feaUires 

The outbreaks occurred in the rainy months of July, August and September- 
and higher incidence was recorded, in pens which were damp, being in low lying, 
areas. The Hissardale — a breed evolved as the re^ilt of crossing Bikaneri with 
Merino, possessing finer wool suffered more than the Loliis or Bikaneris. 

Out of 268 Hissardale lambs 91 (34 per cent) got the disease and 26 (28-6 |>or 
cent) of the affected animals died. The disease j-xmong lambs of the Lohi breed 
was relatively mild ; 21 out of 170 lajnbs (12*36 per cent) were affected but only- 
one (4*8 per cent) died. No cases were recorded among the Bikaneri lambs. The- ' 
disease was confined to very young suckling lambs not above a fortnight in age^ 
No adult sheep contracted the disease. 

Symptoms and course 

- The very early cases usually passed unnoticed. With the progress of thc' 
disease, symptoms were more pronounced and the affected Iambs showed dulluess 
and depression. The affected portion of the skin tliickened and was hard to feeL 
The parts usually involved were the skin of the back and the neck although smne- 
times, scale-like lesions also developed arOimd the eyes, nose, lijjs and ears.. The 
skin of the abdomen, inside of the legs and below the fetlock, was never affecied. 
The skin of the back was often extensively involved and moulded itself into a sort 
of hard, rigid, inflexible, inelastic plate, the patient then becoming im 2 ti'isoi'ied an 
a kind of plaster of Paris jacket. Because of its peculiar disposition, the skin of 
the neck was wrinkled (Plate I, fig. 2) and the rigidity, of the neck interferod with 
suckling. The wrinkled .skin sometime cracked and wounds developed which 
invariably got infested with maggots, if left untreated (.Plate I, fig. 1). The 
on the back lost all wool and presented a raw appearance. In a number of 
nodules exuding yellowish pus could be seen (Plate 11, fig. 1). In recovered cases,' 
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•'I Kxik a lime, for the skin to assiinio normality and llic wool reimuiit'd dis- 
• iloai'ou ior (jiiilo soineliiiK*. Some of the scabs took loii.^cr to lall oil. and willi 
:lu! new wnoi goivvin^ iituicr them, they looked like an odd crop of mn.shrooui ? 
’Plato H, lig'. 2). Tho. crop of wool after recovery was gnt. analyzed. a,s regards 
crinp. length, elasticity and tensile strength and was found to b<^ normal. It, 
^r|H‘i*e.f(no, ajt'poars, there is no perma,nent damage to the \v<hi 1 follicles. 

There was no itching in the initial stages, but in later stages sona^ animals were 
M‘cu scratching aiid responded to tliG scratch redeN. 

The (anirse varied ITuiu four to fifteen (lays. The ;ip])e-titc was maiutaiuotl i.t!, 
djose cases in which tlicre was no rigidity of the neck. There, was a rise of t<>mp!'ra * 
."nrc ofdne or two degrees in fatal cases, usually on aiternate days, 

PATiroioaY . 

.^Potifrniortem. lesions 

The skin was hard, conge.stod, and about dm times thicker ttia,n. the normal, 
In some cases there were small depressions at the surhu'e of the skin and in others 
jiodidar eru])iionH, but in the majority of cases, iKtwc.ver, the skin was lik(3 ji sheet 
‘ d' j>arcliment. The c.iit sniTace, showtjd the piusenee of minute pustules (Plate 11, 
fig- 1 ). The l)lood. va‘.ss<il.s (.)j‘ the skin were extremely eongestc'd. No le.sions, direct I v 
.■referable to the main disease, wore (lotected in any of the internal organs. 

lll8'l(.)PA'J’,H()L()(}A' # 

The lesions are relerable to ,a local iidc.c.tions <lisease ol‘ the skin with the seat 
’ oi‘ the germ in the epiflermis. Tlieia* is an inllammatojy change of the cutis at the 
■ ej.uthcdiu.l margiii, leading to rapid proliferatufti of th.o cells of the germinal layer with 
cornification or pa.rak<3ra.tosis and hyperplasia of the pjiekle ceils (.Plate .1.11, ligg, 1 
and 2). The cells of the parakeratotic, traiusitional layer preserve their nuclei which 
.are. flattened and in section appear lent il-s]iape»l. The cells of (he Ksuperlieial layers 
are devoid of uacled ami stain poorly a.nd uniformly. Tiie.so parakeratoti(j ctdls. ori 
iiicct)tint of the pressui‘{‘, of the cornitied tissue from above and the stnmg degree of 
resistance of the wavy ])apillary body from below, are thrown into ridge.s ami taps 
and look under low ])ower as a series of pillars composed of arclied cells. There 
are focal accumulations of ])oiyin()7-phoniiclear leucocytes, usually at the ha.se of the 
- arclni.s at their junction with the '[uudclo ccdls. 

The 1)1 o(kI vessels of the dei'mis are congested and those of the 'papillm are 
hiden with a largo nuniber of leucocytes. In some cases the wool folickM are fewer 
in number. The sebufoous glands arc compressed and are not <'asily distinguishable 
in grossly alTected plac'cs. 

Tl'.e ( thogen ilbres of the hyp(H!eriuis are very thick a, ml nmuerous a^; compureil 
with the normal and the bhiod vesstds are congosterl and contain many polymorphs. 

The cau.sid organism is rod-shaped with iufrequeiit branching. ].ii. seclion.s 
they appeaj' of varying thickness. J}y gram weight they are Clrani ])o‘-ilive and 
appear to '-laiii uniformly ])ut under liigher power, most of iIhscj rods c( mprisc ( f 
i'u'jc of i)i-i uit-;diapcd tiiscs. These dis( s apparent!}' stain nu>ro intensely ah/ug tint 
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-2 Showing hardcuinH t)f the skin and wriiikloa 


F?Xi. 1. VVonnds showing raw" Bvirfacey 




Fig. 2* Mycelia m the epidermit 
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uui,r;>'iu arj<l so appear sometimes as bipolar rods placed side by side in series. At 
1 he. HmTfi,(/e of tlx', skin, these rods break up into coccoid elements. The organisms 
!U‘e. <lisl rif)i}ted in kirgest numbers at or near the surfaoe of the skin. They work 
ih'sh’ way np aJong shaft of the wool follicles and sometimes reach a.s far down a.s the 
papilliD of tt>e hair. ''I.’hey arc also found working into the epklermis in tortuous 
■courses aJong the poles of the sweat glands. Sometimes fragment.s are found dis- 
tributed throughout the corniiied tissues but they never apparently reach the prickle 
cells or the dermis. 

The ])octdia,r'distr‘il)ution of the parasite suggests that they are normally present 
on the suvfacu of the skin and in the hot rainy months when there is a large outpour 
of sweat, the siratiiiii cornium becomes soft and affords the parasite a suitable site 
for its growth and multiplication and the infection probably extends along the 
sweat pores ])ut tlie inflammatory changes induced at the- stratum germinativiim. 
arid the attraction of leucocytes through the intercellular lymph spaces of the 
})ri(.‘kle cells is a. distant a.etiou possibly effected through the agency of a diffusible 
tox'in. 

Bacteriology 

'rite causal organism which was clearly a mycelium in morphology, could not be 
cultivaicd as the lesions, in each case, had been previously treated with preparatioo.s 
containing iodine. Detailed work on the bacteriology of the brgaiism from other 
outbreaks is under investigation and will be published on completion of the work in 
•du(3 course. 

Discussion 

From the available literature it appears, that this condition has not been previ- 
ously recorded in India. Seddon [1927-28] described a form of disease very similar 
to whnt wc observed except that in our cases the matting of the wool was not a 
prominent fcatui'e. Bull [1922] isolated a mycelium from such cases which he named 
AclUmmjjceH dorniatonoymis. iViorais [1922] described apparently the same disease 
under the term ‘ ijiimpy wool ’ and he associated the disease with an excess of mois- 
ini'c owing to coniiniied rainfall. Cases also were marked by ‘Lumpy wool’, 
^lorais [19o0| was iinn-ble to transmit the disease by contact or by scarification, but 
Pf'-thei's [1 9;>9J was 7’cadily able to transmit the disease. ■ 

Anu»ng those, who have de, scribed similar diseases in other species is Albistoa 
[1928] who 1 -cpoi‘tcd the disease in calves. The organism isolated conformed to the 
general description of A. dennafononms except that colonies of his cultures were 
greyish-white in contrast to the yellow colour typical of the type species. Stable^ 
forth [1937] and Edga,]’ and .Keast [1940] encountered similar conditions in the horse 
cai!s<-‘(l by the same organism. The lesion started at the lip and spread to other 
|)la(a5S. The disease has been reported in the goat by Beaton [1932] in wliich 
irsioiis were found in t he abdomen and the inner surface of the forelegs and thighs. 

Summary 

A form of iU'rmat.itis in Hissardaie lambs (Bikaneri-Merino crosses) caused by 
a uiycciium is ({('scribed along with the symptoms, lesions, and histopathology. 
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BTUDIES ON THE DRYING OF RINDERPEST VIRUS / 

By N. B. Das, Indian Veterinary Research. Institute, Mukteswar 
(Received for publication on 6 August 1948) 

T his paper describes experiments on the drying of rinderpest virus so as to 
conserve its virulence. The undried virus does not retain the virulence for 
very long in the Indian field conditions unless maintained on ice or otherwise suitably 
refrigerated. The dried virus, on the other hand, can resist better the environmental 
factors, chiefly rBmatic, which are responsible for the rapid deterioration of the 
•undried ])roduct. 

Pfaff [1938] (.b'icd goat spleen vaccine in vacuo over calcium chloride and showed 
that Hie dried vaccine was equal in its inirauni^iing effect in cattle and buffaloes to the 
■untrealed fresh spleen vaccine. Nair et al. [1942] also reported similar .results. 
Pollies and Oeneroso [J 93-4] prepared a vaccine by slow drying of spleen and lymph 
glands of rindeiqx'st infected animals over calcium chloride in the cold. We have 
desiccated the virulent Aurus according to Pfaff as well as by other methods and have 
also studied the sta}>ility of the dried product at such te^nperature ranges as would 
■be experienced in the transit of drie<l virus from the laboratory to the field. 

Ex]>erimental 

The virus contained in leucocytes a.s well as in spleen tissues has been desiccated 
by different methods. T^he dried products were tested on hill bulls (Kumauni 
cattle) for virulence at varying intervals after preparation to study the survival of 
the virus under certain methods of drying and when exposed to different tempera- 
tures for varying periods. 

Experiments with leucocyte-crearn , 

lilood of a. liiil bull, inoculated with rinderpest virus (B -line of this Institute) 
was collected in sterile flasks containing sodium oxalate (0*2 per cent final concen- 
tration). The oxalated blootl Avas centrifuged to separate plasma and the white 
colls wore carefidly collected AA'ith a. jjipette. The white cells were freed from the 
contaminated K. B. Cl by repeatedly centrifuging the cell suspension in normal saline. 
One c.c. of this cream was kept at 4-°C as control ; OH c.c. of this control sample 
Avas tested on a liill b\dl along with the other samples described beloAA% 

JJryhig on filter paper > 

A piece of WhaHnaii filter paper (No. 40 ; 2 sq. c.m.) was spaked Avith 1 c.o. of 
the above leucocyte-cream and was dried in a vacuum desiccator over calcium 
chl(.>rid<3, the (h^siccjitor l.)eing in an ice-salt mixture for the first few hours and then 
al oAT.rnight.. The evacuation was repeated a few times during the first five 
hours in order to maintain a high vacuum. Ultimately the dried material was 
gi'ouiurin an agate mortar with 2 c.c. normal saline and the Avhole suspension AA’-as 
injected .subcutane(.>ns]y into a hill bull (Table I). 
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Drymg by cold acetone 

One c.c, of the leiiconyte'Cream was mixed with 5 c.c. of awdone (eouled iu ice- 
salt mixture for two , hours prior to use) in a small test tube and was left i?) ice-salt 
mixture for five minutes with occasional sliaking. Tlie wliole pre<upii;t.t.<i was tlum 
collected on a small filter paper CWhatman No. 40) in the refrigerator. ^The precipi- 
tate, along with the filter paper, was dried in a vacuum desic(;ator over r^alcium 
chloride as described above. The dried material was ground with 'J, e.c.. norma! 
saline and wa,s inoculated into a hill bull (Table I). 


Drying hy cold alcohol 

One c.G. of the leucocyte -cream was mixed as above with b c.c. of cold ubsoluie 
alcohol and was kept in ice-salt mixture for five mimites before filtration. 'IMio residue 
on the filter paper (Whatman No. 40) was dried as above. The dried inateviai was 
similarly ground with 2 c.c. normal saline and was injected inttt a hill bull ("I’able .1). 


Arnmgmcnf of animah, moculation and I'ccordrng of tern ycralim', He. 

All the experimental animals described here were kejit, in aliernale stalls in 
disinfected sheds in order to prevent spread of in(e<;1ion from one 1o 1he other. 
Separate syringes were u.sed for injecting dilferent animals and the o'poi'ator disin- 
fected his hands after every injection. The control animals, inoculated with un- 
treated virus, were isolated from the experimental animals by afatommodaling thtuu 
in a different sited and their tempertiture was always taken last of all. 'flK', tlieruio* 
meter.s were .sterilized by wa.shing first with alcohol and then with carbolic acid 
solution before rocor<ling the temperature of each animal. 


TABi.E I 


Com parative rate of inactivation of lemoq/te~mms dried hy dijjere.nt methods 


•Metliofl of drying 

ileaetiou 

.Survivai days 

Fresh (untreated) . . . . . ... 

Good 

10 

i 

Dried on litter paper . . , . . . ... 

Good 

■ ■ 0 

Acetone dried .... , , . . , . 

Good 

10 

Alcohol dried . . . . , . , . , 

'Delayed 

17 
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Prom the above Table it appears that the leucocyte-cream vims wa.s not com- 
pletely destroyed either by drying on filter paper or by precipitation with cold 
acetone. The delayed reaction in case of alcohol dried virus appears to be due to 
the. changed properties of the virus. 

The above results prompted us to study if virulent rinderpest spleen virus could 
be dried without loss of potency ? , 

Experiments witJi spl-een tissw 

The spleen was collected from hill bulls on the 5th day of inoculation with the 
E-line virus in a sterile vessel covered with ice and was minced twice in a cool and 
sterile mincer. The resulting spleen pulp was dried by the methods described below.. 

Drying by cold acetone 

The spleen pulp was agitated with five volumes of cold acetone (cooled in ice-salt 
mixture) for three minutes and was filtered over Buchner funnel under suction. The 
residue was treated again as described above and was finally kept in a sterile beaker 
in vacuo over calcium chloride in order to get rid of the last traces of moisture, the 
desiccator, covered with a black cloth, being in ice-salt mixture for two hours 
and then at 0”C. . 

After 40 hours the dried tissue weighing 1*1 gm. (ec|tiivalent to 5 gm. fresh tissue) 
was emulsified in 15 c.c. .sterile broth and was inoculated subcutaneously into a 
hill bull. The other half of the dried tissue was kept in a sealed tube at room tem- 
perature and was tested after one month (Table II). 


Drying by cold acetone and ether 

The pulp was treated twice as described above with cold acetone and then with 
twice its volume of cold ether on a Buchner fimiiel. The tissues which were almost 
dry were finally kept, as above, over calcium chloride. 

After 40 hours the dried tissue, ecpiivalent to 5 gm. fresh tissue, was injected 
into a hill bull as mentioned earlier and the other half was kept at room temperature 
to be tested after a month’s storage (Table II), . 


Drying by cold acetone in the presence oj phosphate 

The pulp was mixed with a solid phosphate mixture yielding pH 7-0 and was 
treated with ten ‘volumes of cold acetone for five minutes before filtration under 
sactio.n. The fine dry powder was then kept over calcium chloride as above. 

After 40 hours the dried tissue, equivalent to 5 gm. fresh tissue, was injected into 
a hill bull and the other half was stored at room temperature (Talde XI), 
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"B"' 

Tabee II 


Polwou of virus drivd Im diffcmU wvlhoih and domlfor one month at room- (eniporahire 

■' ■ {ahcndjrC) 


Method of drying ■ . 

First teflt 

Peeond iej'it after 
a raontli 

Eeaotion 

Siirvivjil 

day.s 

1 : 

Reaetion 

Stiryival 

dayri 

Cold iw’otone . . 

Good 

ir, 

Good 


tVjld iU'i‘to!»e ninl otter 

(Jood 

10 

thuid 

IK 

Mixed witii (>hos])ii»tc iiud treated vvil.h aeetone 

CJood 

10 

Moderatf ' 

1.1',' 


From Table .11 it. appears that .spleen virus i,s not couiple.telv iiiuftivate!.! bv 
treatment with cold u(!ctone under dillerent conditions. 

It was then proposed to determine the (?omparative rate. <»!’ inae-tivatiun «jf the 
viiTLs flried by different method.^ a.s de.s(Tibed above. Tables III, IV and V (five 
the fiifiiro.s when the vinns is dried by cold acetone, cold acelojie followed by ether 
and cold acetone compared, to that dried in vav.iio over (‘alciiiin chloride, rc.spcsdively* 
At: lon.st two Jiill bulls were used for each te.st. 

• Table III 


Vompamtivc rale oj inactivation of virus dried bij add acetone 



Dried tissue virits 

Fresh tissue virus 

■Quantity nf viayuo iuoeulated. (Uquivn'leiii of irc.^h 
tistHiie) • i 

RcaoLion 

Average ^ 
survival 

1 days 

Ru.ictinu 

Average 

Kurvival 

1 di:iy(j 

I'O gjm 

Good 

11 

t.iood 

12 

0 01 giu ... 

Goofl 

|.t 

Good 

U 

O-oOOl gm . , , 

Delayed 

21 

Good 



(Jold acetone dried virus appears to be active even in 0*01 |.^m. do.se while in 
O-OOOi gm. dose the activity appears to be douhtfiil. The delaj-ed reac.tif)n 
fo]lowo<i, by death may be due to the changed properties of the viruii. 


Table I¥ 


iJomparali'ik' rate of inactivation of virus dried by cold acetone and ether 


Qtiaiility oi‘ t.iHKUO inoculated, (Equivident of fresli 
tissue) 

Dried tissue virus 

Fresli tissue virus 

Reaction 

Average 

survival 

days 

m 

Reaction 

, Average 

1 survival 

1 days 

l-Ogm. . . ... , . 

Moderate 

16 

Good 

8 

O-Ol gm. . . . . . . 

Delayed 

17 

Good 

14 


(]o!(i acetone a!i<i ether appear to have inactivated the virus to a considerable 
■extent. 

Dryhy in vjn-nn orvr nalcimn cMoride 


'rh(', pulp was uiiilbrndy spread over a sterile dish in a thin layer and was kept 
in a vacuum dcsi(icator with calcium chloride, the desiccator being in an ice-salt 
mixtuni tiiiring the process of evacuation and then in the refrigerator. 

Tlic- (hied tissue was then ground to a hne powder and was emulsified in normal 
sal iiU 3 immediately before inoculation (Tables V and VI). 

Table V 


Comparative raic of imactivation of vims dried ivith cold acetone and in vacuo over 
calcium chloride 


Quantity of tj.ssue inoculated. 
(Equivalent of fresh tissue) 

Acetone dried 

Calcium chloride 
dried 

Eresh tissue virus 

Reaction 

Average 

survival 

days 

Reaction 

Average | 
survival j 
days 

■fi ■ ■ 

Reaction 

Average 

survival 

days 

I'O gm. 

Good 

9 

• Good 

10 

Good 

11 

O'Ol gm. . . . ■ 

Delayed 

15 

Good 

12 

Good 

9 


From Table V, (;idcium chloride dried virus appears to be better than acetone 
dried virus. This lot of acetone dried virus did not react in 0-01 gm. dose as described 
px Table HI. 

Attempts were tlien made to determine the comparative rate of deterioration 
on storage of the virus dried by cold acetone as well as w wcwo over calcium chloride 

when inocculated in doses equivalent to 1-0 gm. fresh tissue (Table VI). 
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Table TI 


(Jowpantim rale of (fden&ration of driecl virus at differmi tempmihm's 


Temperature of storage 

Period of storage 

Acetone dried 

Calcium chloride 
j dried 

Reaction 

Average 

survival 

days 

Reaction 

Average 

survival 

days 

Freshly dried 


Good 

9 

Good 

10 

4“0'' ..... . ' 

2 months 

Good 

11 

Good 

■■ ■■ 9 

4«C ■ . , . . ■ i 

4 months 

Nil 

No death 

Good 

13 

28°0. Being originally at 4“0 for 

4 months. 

7 days 



Good 

10 

37°0 . . . . . 

Id days 



Good 

™lio~ 

Room temperature (about 12°C) . 

3 months 

Nil 

No death 

Nil 

No death 


Ta.ble VI shows that calcium chloride dried virus is superior to atiotoue dried 
virus. Calcium chloride dried virus is active even after fift;e(ni days storage at 
and after four months storage at 

Summary 

Rinderpest virus contained in leucocytes can be dried by cold ae^etone as 
well as on lilter paper w wcwo over calcium chloride. 

Experiments on the drying of rinderpest virus contained in spleen tissue 
by cold acetone, c-old acetone followed by etlier, cold acetone in the presence of 
phosphate as well as in vacuo over calcium chloride are described. 

Virus dried ’rn vacuo over calcium chloride appears to be the best and is 
active up to O'Ol gm. dose while virus dried by cold acetone was sometimes found 
inactive in that dose. 

Virus dried over calcium chloride has been found potent after at least fifteen 
days storage at 37T and four months storage at 4®C. It is not inactivated on 
storage for seven days at 28°0 after being kept at 4°C for four months. 

Acetone dried virus was found potent after two months sf orage at 4°0, 

This work was carried out under the guidance of Mr d. R. Haddow. 
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SOME EFFECTS OF FEEDING WHITE RATS WITH EAT AN JOT 
{ON ASM A EGHIODES) IN JJ AN ASF ATI AND ITS 
PATHOLOGICAL SIGNIFICANCE. 


By I). A. Munro a,nd J. J\I. Lall, Indian Veterinary Research Institute, Izatiiagar 

t (Received for publication on 6 July 1948) 

T he powdered leaves and roots of the plant Onasma ecModes Linn, (ratanjot) are 
in common use in ayurvedic medicine for the treatment of Various aflections 
in the human subject and although much has been learned of the therapeutic use 
of this drug, little is Imown of its actmty in the body after absorption. It has 
been suggested that the dye extracted from the roots of the plant would be a suitable 
agent for colouring vmuispati to distinguish it horn ghee when retailed for sale and, 
in furtherance of this aim, it was considered desirable to test its toxicity on small 
animals. In studies carried out at this Institute [Pande and others] results have 
shown the coloured vanmpati to be non-toxic when fed to rabbits, as no symptoms 
of toxicity developed. It was, however, considered advisable to reinvestigate this 
If- problem in order to determine if the same factors had any influence on white rats, 

and whether the addition of the dye to mnaspati rendered it toxic by its repeated 
and continuous absorption in the tissues of the body over a prolonged period and 
if so, whether it was sufficient to produce symptoms of clinical importance. White 
rats w'^ere chosen for this study, as these animals are mostly used for dietetic experi- 
ments on account of their adaptibility to a variety of diets ; besides in feeding habits 
they approximate most closely to man in. subsisting on foods compounded from 
diflerent sources. In an attempt to use rabbits for our feeding experiments ih the 
early stages of this work it was found that when ratanjot was mixed with mnaspati 
and added to the diet, the feed was totally refused, or eaten very sparingly. Feeding 
with the aid of a graduated pipette W'as then resorted to, but here, there was too 
much resistance on the part of the animal, and the danger of the food entering tbe 
^ trachea and bronohii was always considered a risk, besides a good deal of wastage 

occurred making it impossible to estimate accurately the total quantity taken. An 
appreciation of these facts led us to abandon the use of rabbits, as bad results are 
likely to follow when food unfit for a particular type of animal is forcibly given. 

' A distaste for the coloured vamaspati or as a matter of fact for vanaspati alone when 

fed by drenching showed itself by the aMmal eating very sparingly and often starving 
itself, thus affording an excellent example of the bad results which follow the abuse 
of natural laws in connection with dietetics. On the other hand the feeding of rats 
with coloured vanasj)ati and vanaspati alone is quite a simple affair, the rats accustom 
themselves gradually to this diet and no interference with the normal process of 
digestion is brought about. 
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Method 

Coiu'eiitrated mlanjot ill powdered fomi was oMaiiie.d I’nnn i Ik* I 
Ijidian J)aii:y lleseareh institaite, .Ba,iigalore. A solution of t.lie dyi*. in rtmtrspall was 
prepared by gently heatingi tlie mixture repea, tedly till as nmcJi of it. as pt)ssilihi was 
dissolved. This was liltered through cotton wool a,nd the coiici'.nt. rated dye nse,d l<> 
colour tlio vnwH'fGti to produce colour readings otT), .12, and. 2r> red units In a. hail 
centimeter cell in the Lovihoiid tintometer. The ex]ieriinent was carrit'd out. on 
eight rats and two control rats, all within the 85 to 00 days age limit. The rats w(*.r(*. 
divided into four groups and tdl were kept on the sa.me , stock ditvl consist ingj o(‘ wlaiat. 
flour 05 per cent, nutixe 15 per cent, casein 10 per cent, wluai.t, bran 2 'fter cc.iit, salt 
1 per cent, yeast 5 per cent and (ialciuiucarbona,1<5 I per c.<tnt, plus an allowatu'c of 
milk and gree.n daily. In addition, raw goa,t livea* was giv<ui l.wice \scckl\'. The. 
progress of eacJi animal was walelied. juid taich was weighed every l<‘n days, dea,- 
sured ijuaiitities of coloured ■ranoxuati ealei.ilat(al a,t i lie. ride of 1-25 c.c. pc.r tlld gram 
liody weight wa.s givmi ortiJIy mice daily to (‘aeh ra.t with llm aid of a graduated 
pipette as f'olbnvs: 

(h'o'Uft i.- 'l'wo rats wit It a. isolut ion of the dye. in wit ii a. t'olouc re.jtdiug 

of 5 red units and iKiatwi l,o l(50-170''('. 

fvi'ou'ji .iV-fkwo J'a.t.s wilJi a. .solution ol‘ the «lye. iti raiMsitull with ;i, ('olouj' rea,ding 
o:fM2 red units and lutuled to KiO-JTOd,'. 

Group o. — I'wo .rats with a solution of the- dye In rauai^pali with a eokmr retulitig 
of 25 red. luiits and heated to ino -170't'. 

Group 4 . — Two rats witli a s<.tlution of 7.vMm.,s'pr/.it-i; irlone heat.ed to .lt!0-i70"(.\ 

At .four months from the ta)mmeuee.me.nt of tlio e.x})eriment tlu; animals wore 
killed an<l post-mortenivs conducted. 

{.IlINIOAL HIS't'OKY 

In gene.i.‘id, it- may be said that the symptoms which d<JVe]op a.rc thi*. outconuj of a 
rich generous diet which in no way impaired the itondition of the. animal. I’ho 
largo intake rmmpati In any Ibiin was followed by a depre.ssed apjietite, marke.d 
decrease in activity and a. greater laying on of adipose tissue. The animals grew 
well and the weight increa.KSC was progressive till Ihe end of the experiment.. ISIo 
appreciable diflerencos in weight and normal body siise of these experimental animal.s 
as compared with other rats of the same age groups in our rat colony could be detected. 
It wili.be noticed that no significant symptoms were obtained, although slight toxii.'ity 
might easily exist in the dye without recognition, so that these ca.ses are more ol* 
intere,st to the pathologist than to the climcian. 

P0,ST-M0ETEM FINDINGS 

* There was a great increase of fat in the subcuta,. neons connective tissue and in 
the folds of the mesenteries of rats receiving the coloured mnaspali and vanasputi 
alone. The kidneys of all the rats were covered over with fVit, hut no altm.’ations in 
naked eye appearance were seen. In some of the rats of Groujis 1 1 o d, ibe 
lungs vrere .seen to contain small nodules which varied in siijc and num].)er, at tinuis 
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coalcsino- to fonii a small mass. On microscopic exammalion Gram no<,mlmc cocci- 
innn liacilli \vere seen wliicli confirmed the identity of the disea,se to tliat caiihetl 
BadPi'ium psemMx'rcidodii rodmlmm. The most striking leainre at post- 
mortem was that in the livers of rats receiving the coloured m-mniMli.thii sinlace 
was studded with haemonhagic spots giving it a spotted appearance. Tlmse esioiis 
were seen to extend to the parencliynia. Varying degrees oi ditferenl.iatiun veto 
observed in the livers of those receiving more of the dye. vdiich also showed a tndei 
range of changes on microscopic! examination. Mamoscopically, the 
section showed a deejiev re.lchming of the hepatic parenchyma with dilated ccniial 
and peripheral ^■■eins. All otlier organs were normal. 

HiSTOLOGIGAL RlNllINCiS 

A liistolooical examination of the tissues of all rats under tlie experiment was 
carried' out. The organs examined were the heart, lungs, Iivm-. s])leen, kKiiiey, 
stomach. Intestines, and eye. The examination showed very lew changes ni the 
tissues examined. ^Slight changes were found in the spleeiis of rats receivmg largcw 
amounts of the dye which showed congestion and dilataliou of tiie vemms simises. 
Patches of lironclio-pneumonic lesions were frer(uently found in soine oi he Jungs 
indicating a secondavv infection. Imt as these lesions had no rtlation Avhatsoevei 
with the- experiment 'itself, they did not merit further consideration, i; 
changes were in the liver of rats receiving the coloured rci'iimpati, details oJ v\liich ai. 
given below. 

Mats in Group 1 . . „ ■ 

A slight widening of the hepatic capillaries with no cdiaiiges in tlie liver cells. 

Mats in Group 2 i 

Hepatic capillaries engaged. Liver cells are seen to d.emtegrate, lade and 

gradaially disappear, leaving pale areas devoid of liver cells. . 

Mats in Group S r , 

The hepatic capillaries are more deeply engorged The liver 
.(-on^rested, although the inflammatory process is not evpily ^ 

the liver ceils are seen to disintegrate and fade, leaAnng m some parts of the hepatic 
tissue pale areas completely devoid of liver cells. 

Discussion 

It will be seen from the above that the most important changes are brought 
about in the liver, following the presence of an imtant in the portal Wood. It is 
an interesting fact that the absorption of the dye ate a 

months does not cause any special symptoms, although the morbid change affects the 
liver of the animals in varying degrees. Further, it does appear entirely 
that the presence of these lesions in the bodies of the rats should be accidental, 
especSlly since the gradations of the lesions in the three groups ot rats vary m 

severity with the amount of the dye fed. 
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Tlie fwdiii,!:'- oi' ratan/jol- dissoivod m mnasjiiiU (wit h ji colour roudiii^' of d rod 
units in i(. half ccutinietcr cell undo.r Lovihond lintotu<d:<‘r and lutattid to*'j<, hMiipcra- 
turc of 1()0-170°0) for n period of four numldis did nol; revoal any toxic, syiupjom,-.. 
but on autopsy luomorrhagio spots wore prosont- uiahii* tho cfipsuio of' t.hc. Iiv<‘! 
wlii(.di tnio'ht also be seen in the parenchyma. No cliaiijuuvs in ilu^ liver ccJLs were 
observed. 

^ ^ In tlie ease of ra.ts of groups 2 and 3, wJucb were fed continiuilly for a. period 
ol^ jour iriontlis with a higher concentration of the drug having a tintometer r(*adinu 
of 12 and 25 red nniis, the livers showed de&iite changes, with se^’ere dcstriudhm ol" 
liver cells. Based on the evidence obtained from feeding rats with •mtaujof, dissolved 
•in mnaa'fati with a colour reading of 5 rod. units, it wmdd a])p<ni,r to bo advisable r(» 
use a much lower f‘oneeiit.ratioii of the dye to tint vegetabh} fats to avoid tlui harmful 
enccts on the liver, il it is de.sired to use this substauce :is a colouring jcumt No 
abnormal ebajiges w<m‘< 3 oliscrved in the livers of the control r'a ts. - 

A C K N'OVV L lOitf } KM K X'!' 

_ Wo wish to express m,,r thanks to Dr N. D. Kelmr for his gr<‘,at. inieresl -md 
assistanee in this work. ’ ■ .t t i 


THE RELATIONSHIP BETWEEN THE DISTRIBUTION OF 
the ox warble-fly (EYPODEUMA lmeatum be 
VILLER8) AND SOIL MOISTURE IN INDIA* 

By B, N. SoNi, B. Sc. (Punjab), B.Sc. Agric. (Bdin.), Oflicer-in-Cliarge (Hides and 
Skim Sckemes), Indian Veterinary Research Institute, Mukteswar-Kumaun 

(Received for publication on 6 July 1948) 

T he outstanding fact in the regional distribution of warble Hies is their occurrence 
in dry, arid localities and their rarity in, or almost complete absence from, 
moist areas. Thus, Bishop and his collaborators [1926] working in the States of 
America, state that warble grubs are not found in cattle in low swampy areas; whilst, 
according to Smith [1932], they are more numerous in Kansas after a dry spring 
than after a wet one. Walton [1925], in his account of warble-fly infestation among 
cattle in Great Britain observes: ‘ Tabulated records suggest a diminution in the 
abundance of warble larvae following a cool, rainy spring in the preceding year.’ 
In India, Fletcher and Sen [1930] refer to the infestation being ‘ as a rule, restricted 
to North-Western India, and absent from the moist areas, such as Madras, Assam, 
Burma and Ceylon Numerous observations made by the present writer in the 
course of his warble-fly surveys of different localities in India, point to the same 
conclusion. 

Thus, during the winter of 1938 the writer examined 178 heads of cattle of the 
Dacca Government Cattle Farm in Bengal and none of these showed warble larvae on 
the back, in spite of the fact that for some previous years warble-infested bulls 
had been imported into Dacca from Hissar (Punjab). A similar observation was 
recorded at Trivandrum in South India. Here the writer examined about 20 dairy 
cows recently imported from Karachi and all showed fully developed 11 . lineatim 
larvae in their backs, the infection in these cases having been apparently acquired 
before importation into Trivandrum ; for no tumours were foujid on l(jcal breeds of 
cattle or on cows previously imported from Karachi. During 1937-38, tiie writer, 
in collaboration with Mr S, R. Chadha, carried out a survey of tlie North-West 
Frontier Province and the infestation was found to be ‘very heavy in the hilly 
districts.’ In places where the land is marshy all along, e.g., in Bannu, the warble- 
fly is very rare but in the diy sandy areas like Dora Ismail Khan it has been most 
abundant [Chadha and Soni, 1939]. Likewise, in Rajputana, 5,355 (68-65 per cent) 
heads of cattle were found infested out of a total of 7,800 examined there by the 
writer in Novembei’ 1941, whilst in certain tracts not one animal was found free 
from the infestation. It is noteworthy that similar observations have also been 
recorded in the case of the goat warble-fly (H. crossii), for Cross and Patel [1921], 

‘•'‘.Paper read at the 24th meeting of the Indian Science Congress, held at Banaraa in 
January, 1941. Rc-writben in the light of the discussion which took palce at the 
meeting. 
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working in tke Punjab, observed I'hafc the percentage of goats Jiarbouring the larvae 
of this fly varied from 48-S in some flocks to 91*8 per cent in others, A very liigh 
inculence of warhle-fly infeatation in goats 1ms also been recorded from the Nmd-h - 
West Frontier Province, iSind and Baluchistan. 

In as much as the adult and the egg-stage periods of JI. lineatnm. are very short- 
and its entire larval life is spent inside the animal’s body, atmospheric humidity ami 
temperature can have little influence on these stages of its life-cycde. On the other 
hand, the pupal period normally lasts for from 4 to 6 weeks and is spent underneath 
the soil surface. It would, therefore, seem more than probable that one, if not the 
only, condition that ensures the viability of the fly in its pupal stage is the freedonj 
of the soil fn.m excessive moisture. This is .illustrated in the case of the district of 
Giijranwala in the Punjab, where, inspite of hea\’y w'arble infestation in the ad- 
joining areas, the water-logged condition of the soil in certain localities of this dis- 
t-riet has apparently operated against the development of /i. Uneainm in its pupal 
stage. A similar example is provided by the marshy tract of Laki in the 

district of Barmu, North-West. Frontier I’rovince. Support to the foregoing hypo 
thesis is also lent by the fact that, whilst varying degrees of infestations have been 
seen in the hilly districts of Darjeeling, Kalimpong, l^'ilgiris and Shillong, the pest 
lias been found to be wholly or almost absent from tlm adjoining plains, this being 
attributable, inspite of frequently heavy rains in these districts, to the (puck loss 
of the moisture (‘.ontent of the. soil due to declivity and gravelly nature of the. locali- 
ties. It is of interest that, at Darjeeling and Kalimpong, the imddence of warble-fly 
infestation was sometimes a.s high as 20 to SO per cent-. Bruem 1 1938], working in 
the United States of America, lias also referred to the influence of soil nudsturo on 
pupal development in //. linmUim. He observes, ‘ Cattle grtvb.s, ilypmkma bmk 
JDe Ct. and Hypoderma Hncnlmn (De Vilh), are found t hroughout the United States, 
but there are certain areas wliere they are scarce or periodically absent. Most <»f 
these areas are small and scattered. })ut there is one largo area, the Bed Diver Valley 
■of the North, where, under average climatic condition.s, cattle grubs are entireli' 
absent. To most stockmen of this area cattle grubs are unknown. Quito naturally 
the question arisc.s, wliat bic-tor or set of factors is ri’isponsible for llio scarcity rtf 
cattle gnilis in tliiKS area ? This question was studied by the Bureau of Kutomoiogy 
from 1929 through 1932. Apparently the dominant (;ontrol]ing fa<‘.toi' is excessive 
soil moisture.’ 

Olxscrvations made on //. Irtm/fimi Jarvae and pupae kept under known moisture 
conditions at the Miikte,swar laboratory have shown that grubs placed on .soil sytumt,- 
cd with moisture died without pupating. Out of a dozen pujiae le.l’t over for r><» 
days on soil eontaining 20 per cent moisture and over, not a singl(‘ cmm-geaiee, t<xdv 
place, and the pupae on ilissection, .showed no tract; of adult development. Also 
no fly emerged from a batch of twelve pupae kept at In per cent soil moisture and 
on tllssection only two of the puparia showed partially developed adults. In a 
batch of six pupae kept at 10 per cent soil moisture, only one tmicrgerwe took place, 
the pupal period in this (?ase being 42 day,s. Pupae ko[)i in eontainoi'H with .soil 
moistin’c varying from 1 to 13 per cent yielded the maximiiin number of emorponces, 
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for out of a batch, of nine pupae thus treated six fully developed adults emerged, the 
average pupal period in these cases farming from 14 to 18 days. 1 constant tem- 
perature of 22'*C. was maintained throughout these experiments. These results 
are summariijed in the following Table I. 

Table I 


fJbservatims made on H. lineatum hrme md -pwpae kept at known moisture eondilion$ 


Percentage of soil moisture 

i Percentage 

1 of 

emergences 

1 Pupal period 

20 . . . ■ 

nit 


15 

nil 


K) . ... . , . . 

16-6 

42 days 

1 to 5 

e6'(5 

14 to IS days 


The laboratory observations described above are claimed to demonstrate con- 
clusively the intimate relationship of soil moisture with the pupal development of 
T : //. lineatum and indirectly with the regional distribution of the pest. It is of interest 

that they are in accord with the results of some held experiments carried out by 
Bruce [1938] in the ITiiited States of America, for these results ‘ showed that although 
Hypod&rma pupae would not develop in wet soil, the same soils, provided with ample 
drainage, would permit complete development and adult emergence.’ 

Summary 

An excess of soil moisture has been found to have detrimental effect on the 
development of the Hypoderma lineatum in its pupal stage, which normally extends 
over a period of nearly six weeks. Experiments carried out in. the laboratory at 
Mukteswar have shown that the maximum number of emergences occur at a soil 
I moisture varying from 1 to 5 per cent. No fly emerged from pupae kept at a soil 

moisture of 15 per cent and above. It is concluded that, it is the moisture content 
of the soil that accounts for the concentration of the //. lineatum in certain localities 
and its absence from others. This conclusion is borne out by field observations on 
the regional distribution of the pest in India and in the United States of America. 
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THE NUTEITIVE VALUE OF THE INDIGENOUS GRASSES . 
OF ASSAM 

The aquatic graissea, their chemical composition and nutritive value 

By S. Iv. Talauatra, and M. N. Dj3V Goswami, Animal’ Nutrition Research Scheme, 
Assam, Gauliati 

(■Received for publication on 14th Juno 1948.) 

T he importance of the uncultivated grasses in the economic feeding of our 
cattle needs no sijecial emphasis. In the eastern provinces of the country 
wliere conditions ai’e favourable, they seem to grow in abundance during their 
season time. Organised attempts have not been made to utilise these grasses as 
cattle feeds, parti}'- because little is known about their palatability, chemical com- 
position and nutritive value. However, data on the composition of some of the 
highland indigenous grasses are available [Sen, 1937] and [Kchar, 1947] but there 
seems to be no reference in the literature either in regard to the chemical composition 
or the nutritive value of the aquatic grasses which grow in abundance almost in 
every part of Assam. 

In view of the acute shortage of fodder in the country, it has been considered 
desirable to explore the possibilities of utilising these stuffs as cattle feeds. We have 
recently completed some detailed investigations as to whether the acpiatic grasses 
can be profitably utilised in the dietary of our cattle as green fodder, liay and silage. 
The object of the present communication is to give an account of these investiga- 
tions as follows : — ' 

I. Tlio chemical comx)osition with progressive maturity as represented 
by the monthly cut samples under different soil conditions. 

11. The metabolism of the organic and inorganic nutrients as influenced by 
feeding the grasses as green fodder, hay and silage. 

The aquatic grasses which can be collected in large c|uantities are of two kinds 
commonly known as dal {Hynienachne amplexicmdis Nees) and urulal {Oryza sativa 
var. Eatua) in this part. The dal contains a spongy j)ith, while the uridal is free 
from it. Even when fully mature, they are leafy, soft and succulent. It has been 
estimated that the yield of these grasses from a medium size dalani (lowdying area) 
of 500 acres is about three lakh maunds per year. 

Chemical composition 

To study the chemical composition on a monthly cut system, samples of grasses 
were collected Irom three different places namely, Khanapara, Tongra and Panja- 
bari in case of fZal!, while wridai! was collected from Beltola. Eor the sake of conveni- 
ence and better control in the method of sampling, etc., these areas which were quite 
close to our laboratory were selected. The chemical analyses have been done 
according to A. 0. A. C., 1945 edition and Talapatra S. Iv., Ray S. 0., Sen K. C. 
[1942]. The results are shown in the following Tables. 
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Table I 

Protein content of the monthly vjut .wnipkn on dry hauls 



Month 




Ihil gniHH j 

U I'iihit 


Khanupara 

Tongra 

Ihuijahai’i 

■Jh-lfcol;i 

April 





27-1 

28-1 

20-4 


May 





16'G 

17-S 

14-1 

10*2 

Juno 





14-8 

10-8 

1.7-1 

lit 5 

July 





14-1 

11-5 

11-5) 

14-7 

August . 





14-0 

11-0 

lO-O 

12-0 

Hoptomhor 







i:t4 

12-2 

Goto her . 





l.H-B 

10-8 

Ill-H 

1 1-H 

Novciiilier 






10-0 

10-4 

10-5 

Decern !)or 





0-3 

0-4 

10-8 

10-2 


Tho data iivtlie al)ov (3 Table will show that tb(i iujuaiic. grasses ar<^ rich in 'i)rotein. 
Even in December when most of th(i grasses turn wootiy and fibi'oiis, the a({uati<*, 
grasses retain as much 'protein as c,ar> be found in some of the c.ultivaie<l fodder 
plants like nniho, jowar, Napier ainl Chiinea at their early stages. 


Table 11 

Calcium content of the monthly cut grasses on dry basis 


Month 

Dal grass 

Urklal grass 

Khanapara 

Tongra 

■panjabai'i 

Beltola 

April 





0-3E12 


0-240 


May 






0-20 

0-240 

0-401 

June 





0-300 

0-20 

0-280 

0-380 

July 





0-303 

0-20 

0-271 

0-300 

August . 





0-270 

0-23 

0-270 

0-340 

September 







0-260 

0-330 

October . 





0-210 

0-24 

0-220 

0-2U0 

Novembesr 





0-141 

0-27 

()-20(} 

0-270 

December 





0-130 

0-20 

0-1 40 

0-250 
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The results in Table II show that there is little variation in the content of calcium 
between the samples collected from the three different places. Compared to dcd, 
th^undal is definitely richer in calcium. With the progressive maturity, the content 
of this mineral decreases. Both the grasses may be regarded as poor in calcium. 


Table III 

Phosphorus content of the monthly cut grasses on dry basis 


Month 

Dal grass 

1 

Ur idol grass 

Ivhanapara 

Tongra 

I’anjabari 

Bcltola 

April , .... 

0-294 


0-441 


May . . . 


0-S41 

0-490 

0-422 

Juno . ... 

0-300 

0-382 

0-341 

0-382 

July 

0-312 

0-391 

0-331 

0-300 

August 

0-281 

0-342 

0-292 

0-342 

September ...... 



0-201 

0-335 

October 

0-200 

0-351 

0-211 

0-290. 

November ...... 

0-210 

0-260 

0-220 

0-251 

December ...... 

0-160 

0-210 

0-200 

0-210 


The data shown in the above Table are self-explanatory. The grasses seem to 
be rich in phosphorus, specially at their early stages. With the progressive maturity, 
the conteivt of phosphorus also decreases and is lowered by almost half at the flowering 
stage. Samples wore also collected from the various representative tracts of the 
province and analysed. The results are shown below in Table IV, 


22 TJnONUTlUTIVEVAIAJBOFmE INDinKNOUSraUSSE OF ASSAM [Voi. Xf,X, Part I", 
Tablk IV 


dfiemit'al eompirntw)} of ihc f/RifiHcn Ji'OiH' (ill '•over Ihc jtiwhicc. on dnj 


Localities 

Crude protein 

Caloium 

I'liosplioruH 


Dal 

tjrass 


n . . 

l;r2 

0-20 

()-28 

Uiijicr As.sam ::3 

14-4 12-S 

(>•30 0-23 

n-2d 0-2 

. . 

S-3 

0*:i9 

0*17 

i' ■ ' 

J2-2 

0-30 

o-3r> 

CVtitml Assfuii -.12 

IM IU“> 

0>37 0-32 

()•;};{ 0-.3 

. . 

ll*2 

O’.'in 

u-;}.-ii 

r ■ ' 

2l*i) (i>it-Hoil) 

n-if, 

e-lfi 

Lower Assam -^2 

ll-O 12-1) 

(Ml O-ll 

0*2i) 0-3 

[a . . 

14*!) 

(Ml 

0-3I 


Uridal 

mm 


th)por Aefiam .1 

12*0 

(1*27 

U-21 

Central Assam 2 

11*0 

0-2,':! 

0*22 

I^ow('r Assam 3 

12-4 

0-1!) 

n -21 


A perus<al of tlie, data in Ta.b](is 1 i,o ,1 V will sliuw tha.t. while tins (’-oiitent ofpixit.oin 
is Jairly constant imispoctivc of tlio })la<-(‘.H iVoru wliiok samples werx; an;dy.s(Hl, the 
content of calcium varied from O-lf! in the case of Lowin' Assam to 0*32 in ceula'jil 
Assam. It may, thej’i'.forc, be rc.smi.ably concluded tlaii — 

(u) tlio aquatic gi‘a.sse.s are, fairly rich in protein ; 

(/)) they seem to he poor in calcium ; 

(c) they u]’e not delic.iont in pliosphorus. 

NuTEITIVE value 01? THE AQUATIC UEASSIOS 
Although the aquatic trasses are quite rich in som<3 of the iiidispecisihie nutrientf’ 
like the protein and idiosp horns, contrary to expeiitatiim , they a, re not much reli.shc.d 
by catth3, spccialiy at the early stages when, led as green fo(,i.d,er.s. It app i;irs l.'hat 
duo to some fishy sm(3ll, our f3attle refiLse 1-liese .stuffs. Whatever ma,y he the, (Musti, 
a.s a result, of thi.s •{)r.act.icid dilliciilty, we were a!»oui to ab.indoiiour 'plan, of iiiveatiga" 
tions, but soon it v/as reali.s<,tl tliat at ]oa,st one of these namely, t.lu', dtd gru,ss c(uild 
be fed to appetite at the flowering .stag <3 a..s a green fodder. IJut' soon afte,!- ih(3 t.ri;d 
it was found '(.hat if the iM'juatio gra,.s,sos were fetl green, (xihMe suffered IVofu worm 
t.roid)le a3id that the feeding of these grasses t.o young juiimals Jed to serious <‘,on.n!- 
qucnces. 
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M. w;is, 1 1i(!r(*,f()r{',, finall^y decided tliat tliese sliould be better utilised in tbe form of 
bay 01 ' Milage. The following experiments were therefore, designed; — 

(a) The. grasM dal as a green fodder at the flowering stage. 

{()) The grass da? as a Bihxge and as a hay also at the flowering stage. 

(c) 'The grass nndal as a hay at the pre-flowering stage when the yield is 
maximum. 

(a) The dal (jrass as a green fodder 

To ascertain the nutritive value of the chi grass at the flowering stage, it 'was 
fed to four adult Assamese bullocks. The average body- weight of the animal was 
about ‘loo lb. They were fed for a period of about one month with the experimental 
food. Urine, and faeces were then collected for ten days according to the technique 
followed in the Central Research Institute at Izatnagar. Moisture was determined 
in i he daily grass samples as also in the residues. The chemical composition of the 
t(.m day composite sample of the grass led to the animals is shown below : — 


Crude pi’otein 
Rther extract 
Asli . 

Organic matter . 
Fi},)re 

N-fi’<?e extract 
Total carbohydrates 
Calcium (Ca) 
Phosphorus (P) 


9'38 

2-30 

12*20 

87*80 

22*10 

54*02 

70*12 

0*13 

0*206 


It is obvious from the above composition that the grass is rich enough in protein 
to meet the normal rec|uirements of the adult bullocks at rest. In regard to the 
minerals, the phosphorus content seems to be adequate to support a bullock at 
rest, while the content of calcium is definitely low. Yet, no attempt was made to 
balance the ration with calcium carbonate or chalk, for ultimately it is the availabi- 
lity which matters in the assimilation of this mineral and the total intake is of no 
oonseqxrence. The grass was fed to our animals as a single feed. 

Table V 

Dry matter consmi'plion of the grass dal 


Animal Ninnber 

Body weight lb. 

Dry matter 
comsumed lb. 

Dry matter 
consumed per 

100 Ib. body weight 
lb.’ 

Average 
ecmsumjition 
per 100 Ib. 
body weight lb. 

1 

439 

10-1 

2-3 



312 

8-9 

2-9 

2-6 


3S7 

9-1 

2-4 ' 


4 

441 

11-3 

2-(5 
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_ Tlui averaj:;o consumption of dry matter was well over 2 Ih. ])(‘.r 100 Ih. Ijody 
weight; ami as sueli the palatability of the grass at the flowering stage euniiot; pt'.riia.ns 
he questioned. 

Table VI 

Dujestihility coefficients of the organic nutrients 


Animal Number 

Intake gm. 

Voided in 
faeces 
■ gm. 

Amount • 
digested 
gra. 

Per cent 
digestibility 

1 Average 

i 







4,573 

4,007 

4,175 

5.150 


4 , 28-0 
3, SI *5 
3 , 01-6 
4 , 83-1 


105-18 

93-54 

0 ( 5-03 

118-45 


1,010-6 

808-8 

022-7 

1 , 138-2 


2 , 470-3 

2 , 107-0 

2 , 255-3 

2 , 782-0 


3 , 480-0 

3 , 095-8 

3 , 178-0 

3 , 020-2 


Dry matkr 


1,883 

1,608 

1,710 

2,254 


2,600 

2 , 4-50 

2,465 

2,806 


Crude protem 


162-5 

142-5 

151-3 

192-5 


Ether extract 


65-01 

56-44 

61-73 

72-13 


Crude, fibre 


412-4 

348-0 

350-4 

450-8 


Nfirce. extract 


790-7 

663-0 

735-6 

1,020-2 


1 , 670-6 

1 , 53 - 1-0 

1 , 510-7 

1 , 761-8 


Total carbo- 
hydrates 


266-4 

230-0 

240-3 

200-6 


30-27 

37-10 

34-30 

46-32 


508-2 

540-0 

563-3 

687-1 


1 , 212-1 

2 , 2 ( 58-0 

1 , 011-9 

2 , 083-0 

1 , 095-0 

2 , 083-0 

1 , 471-0 1 

2 , 419-2 


58-8 

60 - 4 . 

50-0 

56-2 


62-1 

62-6 

61-4 

60-0 


37-3 
39-6 
■ 35 * 7 ' 
39-1 


59 - 2 
61-2 
61-0 

60 - 4 


67-6 

69-8 

67-4 

63-3 


65-2 

67-3 
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TIh^ <!n4ii ill, t.lie above Talile will abow that except the ether extract, the digestibi- 
lity iigures are quite satisfactory. Frojii the average digestibility co-eOioients, 
i he siariih equivalent has been calculated according to the method of .Kellner and is 
sliown below along with some of the important cultivated fodder plants. 


— 

Digestible nutrients in 
terms of 100 lb, of 
green stuff 


D.P. 

S.E. 

Dal . ■ . , ' . ■ . . . .. . ■ . . : ■ ■ . . 

1*46 

12-45 

Maize . . .... ... 

1-04 

11-70 

Guinea (Younp:) . . 

1-11 

7-30 

Napier . . . . . . . . . . 

0*90 

9-6 

Jwar . , . . .... 

0-84 

7-2 

JJajra . . , . , • • • • • • 

1-08 

11-9 


Oahium phos])/tonis imd nitrogen balances under green daX feeding . — The data 
shown below in Table Vll indicate that a positive retention of either calcium or 
phosphorus is not assured under dal grass feeding. A careful examination of the 
data will show that the ingestion of both calcium (8-1 gm. CaO) and phosphorus 
(21*4 gm. PgOg)'©!! an average is most favourable for the formation of insoluble 
tricalcium phosphate. The heavy retention of nitrogen is perhaps purely of a 
temporary nature. 

Table VII 


Calcium y phosphorus and nitrogen balances under green dal feeding 


Animal Number 

Intake grams 

Voided in 
faeces grams 

Voided in 
urine grams 

Total voided 
grama 

Balance' 

grams 







Calcium 



1 

i .5-94 

8-30 

0-4 

8-70 

—2-76 

2, 1 

5-29 

6-08 

0-5 ■ 

6-58 

—1-29 

3 ■■ ! 

5-43 

0-52 1 

0-6 

7-02 

—1-59 

4 

1 6-70 

, 8-18 

1-4 

9-58 

j 

-2-88 



Phosphorus 



1 

9-42 

10-36 

1 0-10 , 

10-46 

j -1-04 

2 

8-38 

8-63 

0-15 

8-78 

-0-40 

3 

8-60 

8-98 i 

0-07 

9-05 

-0-45 

4 

10-61 

10-84 

0-05 1 

10-89 1 

! -2-28 



Nitrogen. 



1 

1 68-60 

1 26-0 

24-13 

1 50-13 

4-18-47 

2 

1 61-00 j 

22-8 

21-33 

1 44-13 

+ 16-87 

3 

1 62-63 

! 24-2 

23-47 

47-67 

4-14-96 

4 ■ . 

i 77-25 

30-8 

24-96 

1 65-76 

+21-49 
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(h) The (press dul as a Jkhj ami sihtp 

A\''hilp tlic Iwulin*'- of tlui j^iushoh fotldorH lo hyJinini hlc. 

infection, t'lio (luoKtion of utilising flio. mliiid'K in, ilio form of oiiho.r iia.y or 
lioconic ilio .subject mutter of oiir present stut’li(!,s. Tu orde.r, tlnu'efore. lo a.scerl'uin 
tiui best roriu in wliicli the.sG gru.sye.s shmild be CDi,iS{M’ved, u. nuinixn- ol inoJa.bolism 
exsperiments were conducted / the <letail.s of w.KicIi are giv(m, ladow. 

Metaholism trials -with the ennserved dad (jrass . — Two luindw^d maainds ol t!u^ 
green r?a/- at tlie flowering stag{3 were colleetecl from placc.s round about our labora,- 
tory, of wliicli 100 mauiid.s were ensiled and the rest made into hay according to 
the ^ Tripod system tlie descriyjtion of which as al.so tlie method oj‘ making iuid 
formed part of a .separafe paper. Adult A.ssamese bulloidcs haviug an a.v(u,'age body 
weiglit of about -100 lb. were used a.s experiinenta] subjects. Tiie i rial wii h hay was 
combuded first and the aa.ine aiiiinals were later on, swibduul on to sila.ge fetuling 
ami, after the preliininary o..\p{‘.rii)ientaI ])e,riod. urine and. faeces we.iv. collecied as 
usual. Tlui (hcmuial c.oinyHisidon and the (lig<rsl.ibiliiy (•oidlichuds of tin*, hay a,nd 
silage are shown in the, following Tables : 

Table VIH 
(Jhcmieal (mniposi:li<y}i ojdhe hay (md 


liiiy 


Silfiyo 


Crude protein 
Ethor extract . 

Ash , . . 

Orgiinlo uiatter 
l?ibro . 

N-freo extract 
'total carbohydrates 
Calcium (Ga) , 
Phosphorus (J.*) 



U-Ud 


'■ 1*85 


17-00 

S7>ie 

82-10 

: 

27-80 

.isd)7 

47-51 

7807 ■ 

7.‘{-8i 

0-bM 

0-175 

(MSb ; 

(t-OiM 


The data in the above Table .show that both th.e samples are almost idimtical in 
cho.mical makeup. The ha,y is, however, .sliglitly riclu^r in prolein t han tlui silii,ge. 


March, 1949J 


S. K. TALAPATRA AND M. N. DEV GOSWAMI 


27 


Table JX 

Digestibility coefficients of the organic nutrients o/<lal grass when Jed, as hufand silage 


Animal Number 

Intake grams 

Voided in 

Amount 

Per cent 

! Average 


1 

j faeces grams | 

1 digested grams 

! .. ..I 

digestibility 



Hay feeding 


Silage feeding-/ 


Hay feeding 


Silage feeding 


Dry matter 


P- 

3,360 

1,400 

1,960 

584 

1 2 . 

J 

3,201 

1,428 

1,773 

554 

2. 

2,869 

1,206 

1,663 

* ■ 57-3 

h • 

4,326 

2,000 

2,326 

53-8 

P- 

4,031 

1,625 

2,406 

59*7 • 

r 

3,473 

1,532 

1,941 

55-9 

p ■ 1 

3,992 

1,522 j 

2,470 1 

62-0 

U . 1 

5,064 1 

2,197 j 

2,867 1 

66-0 


Crude protein 


'1 . 

252-0 

148-1 

103-9 

4D2 

2 . 

240-1 

132-5 

107-6 

44-8 ’ 

3 . 

215-2 

125-0 

90-2 

41-8 

^4 . 

324-5 

189-4 

135-1 

41-6 

“1 . 

279-8 

157-1 

122-7 

43-8 

,2 . 

241-0 

131-3, 

109-7 

45-5 

3 . 

277-0 

149-4 

127-6 

46-0 

4 . 

351-4 1 

209-4 

142-0 i 

40-4 


Hay feeding 


Silage feeding. 


'1 . 

48-05 

28-42 

19-63 

40-8 

2 . 

45-77 

27-13 

18-64 

40-7 

3 . 

41-03 

25-93 

15-10 

30-7 

_4 . 

61-86 

38-20 

23-66 

38-2 

'1 . 

74-57 

43-88 

30-69 

41-1 

2 . : 

64-25 ! 

39-83 

24-42 

38-0 

" 3 . 

73-85 

42-62 

31-23 

42-2 

4 . 



93-68 j 

54-05 

39-63 

. ■ ' ' 1 

42-3 
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Table IK-~-cont(l, 

mk nutrimU ofMgras. 




Voided in 

Amount 

Animal Number 

Intake grams 

faeces grains 

digested grams 


Per cent 
digostibility 


Orude fibre 


ri , 1 

981-1 

282-1 


2 . 

934-7 

271*3 

Hay feeding * 

3 . 

# 837-7, 

229-4 


14 . 

1,263-2 

404-0 


'1 . 

1,120-0 

346-1 


2 . 

9,65-6 

298-2 

Silage feeding- 

3 . 

1,109-8 

319-9 


.4 . 

1.407-8 

464-8 


699-0 

663-4: 

608-3 

869-2 

774-5 

672-3 

789-9 

953-0 


71- 2 
70-9 

72- 6 
6B-0 
69*1 
69-6 
71-6 
67-0 


N’frea extract 



1 . 

1,646*4 

602-6 

1,042*8 

03-3 


2 . 

1,567-6 

668-6 

908-9 

57-9 

Hay feeding - 


1,404-9 

629-0 

875-9 

02-3 


U • 

2,118-4 

868-4 

1,260-0 I 

69-0 


'1 . 

1,834-6 

683-0 

1,151-5 

62-7 


2 . 

1580-6 

684-7 

895-9 

60-6 

Silage feeding- 

3 . 

1,816-8 

069-1 

1,147-7 

03-1 


4'. 

2,304-6 

949-1 

1,366-6 

68-8 1 


Total carbohydrates 


ri . 1 

2,020-5 

884-7 

1,741-8 

60-3 



2 . 

2,502-3 

929-9 

1,572-3 

02-8 

04-4 

Hay feeding 

3 . 

2,2‘42-0 

758-4 

1,484-2 

00-1 


s , 

[_4 . 

3,381-0 

1,272-4 

2,100-2 

02-3 



1 . 

2,055-1 

1,029-1 

1,920-0 

05-1 



2 

2,540-1 

977-9 

1,608-2 

01-5 

03-7 

Silage feeding- 

a . 

2,920-0 

989-0 

1,937-0 

<Kt-2 



ji . 

3,712-4 

1,403-9 

2,308-5 

62-1 






Tai'.lk X' 



Cilia Km. p/iDspliiirns kihI 

iiilrof/ai hithuin 

.V Kiidfr hnif (Uid sUikjc 

fnihiin 


Xuimal Xiimlier fiilai*' | 

V'oidf!(l ill \’oi<U;(l in Total 

liujoon tjTiimf: iii'iiK" .(franis \i>idi‘tl ;:;rai»s 

Tla,!:uicf‘ 

a'rains 

1 

r:i . ^ 4'7-i- 1 

Calciioii 

o.,sf 1 r,-!)o 

— l-jii 


2 . , 4-;ri 

O-04 

0-14 7)-lS 

-~-U-(i7 


li'av la^edius •' 

[ .‘1 . 4-<)a 

-I- Til 

0-1 a -i-.']} 



ji . <v|(l 

7-i:i 

u-4;{ 7-,-.() 

--l-K) 


fl . 7-0;, 

.S'2ii 

tH.2 S-iSsj 



1 2 . r>-0K 

(rllli 

('^•20 ()-oti i 

-.n-lv, 


I ;r , 7-i»o 

5-n;5 

0-40 i 

■ |-(l•{)7 


[a- . S-80 

7-!)S 

\ 

i-r»o ii-is 1 

i 

-ore' 


ii 
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Xr~^mutd. 


(■ab'l/iht, amf niiroifcit halanee^t nn</i‘r //a;/ anil silaiir. frcilrihf rniihl. 


Animal Xmiiln-r j 

Inlak'o gnuas 

yoided in 
nieces grams 

V'ojiled in 
ui'iiie grams 

1’ani'l 

voided gram.-. 




Plmiihonm 







' { f- . 


1 . 1 

(i-ini 

4-20 

0-05 



>) ; 

;ri)A 

0-2.S 

U-(l(i 

0-311 

Hav llHaliiig 



l-dl: 

<»-U2 



s-or. 

(5-SU 

(I-IO 

•t-lin 


‘1 . 

3-71» 

4-7I 

(1-1,0 

4-sl 


a_,. 


4-23 

o-tt:; 

4-i>(l 

tSilago 

3.. 

3-7rt 

y.5-7U 

o-os 

3-7vS 


p:l: : , ' 

4-7(5 

n-02 

0-04 

d-i'Ml 







■l . 

JU-32 

23-7 

13-71 

37-4 1- 


2- . 

;is-4i 

21-2 

i)-3U 

3(5-30 

Hay fosiiiig 

3 . 

;{4-43 

2()-U 

12-!! 1 

32-5)4 



r.i-m 

30-3 

17-10 

47-(n 


'\ , 

i t-74- 

2;)-i t- 

8-47 

33-()l 

HiJago t'rrdiinf . 

..I, 

r.s-o.") 

21 -an 

7-S7 

2.S-S7 

3 . 

1 44-31 

23-()n 

S-(50 

32-;,0 1 


; 

1 r»()-2i 

1 

3.3-r.U 

11-32 



• I 

-\ (t’.Vi 
j (l-tw 

i :ma 

■ !-0r.’ 

\ Uil 

■ 

- O-.'fM 


■i 1-lil 
! J-Ai 

! liviH 
-i D-tiS 

rI!-Si 
i - in-.'i'.t 


ll itpp<‘.iU-s iVom lluMlaiii s'hovvn in i Ik* iilxn'o Tiil»i{! 1 hai a jto.sit iva cairiinii iialaiicr 
is not assured '.vln'tlier the ^rass is Fed as a ‘•roon r<KJd<'r. Iiay nr sila,af. The posii i\(> 
j)]ios]dtorus halaiicc* malar hay fcediii;!' is diina.idt (o aacoimUdr. (luiUtiK ('Npiaitahuji 
is Hifit tlio iiiyvst ion of lliis alenaMil under hay rwdin,i? wasalinosi doubh* ihati llial 
ofsilaue F<'(‘(|iiiy. A positive Jiil-ro^nn Imiancn is not iced imdar l»ot li sals of ri'a<li)i<!. 

It has !)a<‘n Found llial liKi niaiuals oFtlas a.(iuatia yniss did viaid ilii* Following 
(juality and (piantii.y oF hay and sihu^v- ,i1 the flowarini* si,a,y;<‘ ; • 


Alaivli. 
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Hut ,^!us^ 
i'akcM , 

IJonstfi'vcd 

pcdiiiifl: 

. 

{,>iia.)iiy 


Dry iiiatl.er 
par emit 

Diycsiibli- 

mitricuta 

D.F. 

■■■■■■S.KA' ' 

Atiiund.^ 



Mil and, -i 


Marnwk 1 

titauiul'? 

too 

j Hn.y 

Medinm 

32 

St- 

0-S-tS 

0-000 

100 

1 -Milage 


7r» 

30-S 

0-713 

; 0-020 


ft is ohvifiiis llia.i whif’hoivor inet’lii'Ki is adoptetl. tl.c; rosults a])])Oiir i.o Iw thc", 
.sjiiHe, sili)-mak'iii,i*; mqiimis a f^-reatef tei-hiiioal skill, liay making is simple, 

lu cnm-lnsinn it:- may la? staiefl that- the grass nan he led to catlh? at the Howering 
slag<‘ as a giaum fodder, huy or silage-, !l' it is fed as green, tlie aiiimais are ox])o,s<gi 
to the dang(*r (d* helminthie infoetiom The grass is de-fieient in ealeium. 

(r.) :77/e gims urida-l as a hajf 

It. has alreariy h(?en stated tha-t the feetling of the at|Ua.tic gra.sses as greeai 
f()d(.h?rs !ea<ls lo aorm tr<»tihle, attempts have, therefore, keen made to utilise them 
as hay or silage. Accordingly, largo (unuititie.s of hay and si]ag<? were tnade from 
t his gi-as.s. The silage, ‘iiow<iver, tiiriic.d highly avidic a-inl could not Ixi fed to animals 
up to a])petite. 

Mveellent (piaiity hay was preparcjd out of this gi'ass hy the ‘ Tri]>od sy.sle.mh 
About oO per c?ijd tjf tlie original grcim cohair of the grass could be retained, even 
ihoiigii the hay was nine, months old. 1.'he results of t.he inetalxjlism (?xperiuLe-ni 
are shown helow. It may la* mentioned that the hay was fed to threi? adadt bullocks 
a.n e.xclusive feed. 

T,abm XI 

(I'vidal) hdji fviixion giicfn as (.laitixtrctl hi juultlij straw 


1 

Ardfiial X'ljinia-r j 

Body u.'igbr lb. 

'J’otal dry 
mallm' auiirtiiincd 

lb. 

I)?'y inattm- 
I'ott.suiiuid par 
IU(Hh. (lb.) . 

i 

ft . 1 

:5!)2 

10-0 

2-(j 

L’,;did .\-2 . 

iJ.SU 

.. ■ 8-5 ■ j 

2-2 

U- 

370 

s-r. 1 

" ■ 2-3- 

. 

:15() 

r,-3 

1-3 

J’iidih 

340 

1 

U-7-. 

i-7 


Avcriiui* 

'ousnifii'tiea |k-i‘ 
mo lb. (lb.) 


.\ltlioiigli the grass is not mneli eaten either as a. gr(a‘n fodder or as a silage, 
the. hay consmnjd ion. as sliown In the above Ta.bh?, seems to be very satTsfuetory. 
It is (piitt* interesting to note, that compa.red to paddy straw, the hay consumption 
is oirper ccvnt iuore. - 
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T.AIUJC Xll 

i hlft;titihUilij t‘ti(0cirnl>! of iitiditl Jhi;/ 


(■riuti fii'itii'iii 


1,1 

!,()(»!»•!) 


ToM nohn. 
hiidratis 


1 


j 

2,lUi*8 

1 r,:i 

u 

l.\v, ■■ ■ 

■ 1,075*2. 

I ■ ' 

1 . -li:! 


1 

!, 07.2*1 


ti.7 



— T™” 




:Nu:iubor 

l ulabr I O' 

V’oidfd in 

Attiouul. 


h.iy p.i-Mitis 

riKH:*os ^I'ii ta.s 

gmuis 


'l,5, '■ 1 


Dru n 

uUiif . 

2J0O 

1 

2 

ri.stiO 

I . I,<o-f ■ ..j 

2,IUt» 


;i 


!■' ■■ J ,700 ■] 

2. 1 05 

55 


1 

,•17 1*2 

1S5*0 j 

I.Si;'2 



Mjo*:? 

I.-.2.5 1 

1 (i.’bS 

■ ■ 


5 j: 

:iii*!) i 

|(i2-5 1 

MO'I 1 

! , -f'S 


i 

iXh'itvl 

1 



lil'2 

i8'5 

2.*} 

5:m:5 

llfi 

22 

.52-7 

ll-lj 

* 21 

( h'udr. 

Jitoc 


. 108*0 

i,0-|]*(l 

72 

;i-2<i*2 

j '.)0‘(*0 

7-1 

:)oo*7 , 

I !I0,S*2 I 

[ : I 

' ■■ 

A' Jmc. 

■Id 


:.S.‘{S*4 

1,078*2 1 

! 5(i 

77!t-0 

887*2 j 

51- 

722*7 

, .s„.d| 

;U 


A ^ 
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TIk' (liarsi ihiliiy for ut'idal hiiy itrti quite sa.lisracl:orv. Tho .siun-li 

(‘ijuiviilcut ii« {.‘alcii.iai.eii l)y .Keilner'w mel'hoil. was rouml to be ])ei' cent. 

!1 niav be seen from v'he fifi;u res shown below in Table Xlll that wken imnle into 
laty, tlie crass uridal is superior To that of dal in so far as the. eonteait of tlice-stiiile 
protein is coneenie-fi. 


TABLbt XTII 

}.)al hau as fwtipaird to tiridal hoif afi eaffir food 



I WiMtiTlUTfVK VAI.VKOli'TlIK IN‘lJli!KN<>rflS (I liA.S-siiiS nF ASSAM XIX, I’nt' 

ulrluni. i,hnsi>hu>,f, atnl hahuH^,. vuiler ji luis mIiv; 

that litc .grasses an', nonually (•alriuin |k)op mii.I 

Is lia\n,sli()Vv'iia .-alciuMi liaJa Tla'.daia aroshnwii in Hm' lt>IUnv 


Table XIV 


( Udc'twii, 'phMnhoms cwd mlroife'',! haianna^ 



M- i , 1 8-7 CM. 

tn-o 



Afaiv.li, !01'.r| 
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Mhit’ftd iinh'Jlioii nf cat, lie folloivliti/ Ihe Jmlintj of the afjn(tlic(/rit-'i.sr<<.~-~ 
iSiHnni.-uisin'i tlu-- jiositicm on. tlie snbjec't, ifc to [ic fnuud t'liat altlioujj;'li t1u‘. 
iiijuatic i;'riiss(\^ fairly ricli in tho.sc? nutrients whicli a,r<^ eonsidered useful in tlie. 
calculation of ralioii for maintenance, a.nd [>roductiv<! purpo.si's, the a.f!v<3r.se calcium 
l,iaiance socins to he t iie. limit in, i*' factor. For th.e siike of o<i.sy reference, the halanc'C 
data of the In individual lest.s reported in this ])aj)er are- simwn below - 


TAftLK XV 

CahiriiHi (did [dioaplioi'Hfi UildHCcs 'lodfer dal //w.« fevdi)Hj 


(..laleiiun | 

PhOKplior 


Intivke 

grains 

iJalarnr 

grams 

1 

Intake .! 

grams 

{alaiice 

5-‘(4 

-~2-7G 

5)-42 

— 1-04 

* 1-20 


s-rt.s 

--((•40 

a-irt 


S‘(i 0 

— 0-45 

0-70 

— 2'8S 


--2-2S 

4-7 1- 


^ , 0-25 

-i- 2-00 

4-r)i 

--n-ii7 

re!)5 

-i- 0-50 

i-o.-, 



-|-0-{i7 ' 

o-to 

--n-to 

S-D;) 


7- Of) 

—ntis 

3-70 

— 1-02 

r*-{t8 

--(IAS 

3-20 

—l-OO 

7 -()() 

-i-0*U7 

.‘{■75 

— U -03 ' 

8-S(i 

-— 04)2 

4 - 7 I) 

-- 0-.‘}0 

0 - 9 U 

i. ■ —1-27 

7-01 

4-.(J-47 

4j-9(l i 

1 ■ -l-o2 

(54S 

4 - 0-09 

S-ST 

— 1<U] 

({•‘{0 

+ 0-54 

t only one animal roeoj-ded positive caleiuiii 
‘ per (amt of the. animals under the tests 


kahmee. In iln^ case (ff j)ho,s'p]ioVu.s, 50 per (amt of the. animals under the te.st.s 
slmwed negative halunco din^ to (.ihvicais reason, s. (inder green da! feeding rliie to 
unh.daiH'c of ('alciuin and phosphorus ratio, the animuLs failed to record posihVe 
bahmeo. I’nder .sihiue femling howe.ver, the total intake of phospfioru.s wa.s so low 
thal a po.sitiv(> l)aiaiiee eoidd not he ox'[)ee.ted. Finally, it jnay be statisi that when 
the. a(piatic gia.sse.s (‘onsf.jtnte the major bnik of the ratkni, t he addition of a, stiiiable 
c-alciiau salt or s(.nue. other grasses rich in 1-liis mineral is desirable. 


; 5 (; 


TUiO Nl^THiTlVlO [V<‘!> * ■'>'*' * ■ 


.■ MuMMAPvV' ...■.■■ 

Th<* juiiu.Hc uTiKss(M are fnirlv nVl) in '|m»ioiu aii.l ]»lius|>ljunis hut |>onr m 
caldimi. Kven at the uorst stage, they are leafy, sni'i an.l siieeulent aia! <-<Mi1ai!i 
piolein above fhe iiav Knel. As ^reen fod.lers i hey are not, tniiei) relislie.l by entile. 

hen unule into hay by the ' Tripod system eonsiderahle .yreen eolonr is retame.l 
and the .stuff is very iinieii relished by (nittle. 

ilctalioliMii l..iv(. kIiobii tlial tin- n-u.U- liliiv riiji.'yiiilii^ ..I' ll'i- 

-vossfh isliifili. « hicli iialiralcs tlwl^ the lii.rc i.s not .•(.ars.T in iinan n.lhilna.- ■■innivi'.i- 
' ' tion. ■■■ .' ■ ■ ■ ^ 

A positive retentimi. of ealciuin is not. n.ssuved whet.luM’ tlie ,uin.''Ses ,u< bd n.' 
preen fodder. lui\’ or silnpe.' 

It lias been observed tliul the aquat ie pTas.scs should {>'relern,biy bt^ iil ilised in the 
form of iiav', as preen fe.edinp lends to eonsidorable- worm 1^onl)l^^. 
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INYBSTIGATIONS ON FAMINK RATTONB 


JAM AN .(EUGENIA JAMBOLANA, LAM,) SEED AS A 0A.TTLE FEEf> 

Bit-':. " 

N. ]), Kehah and K. Sahai, Animal Nutrition Section, Indian Yeterinaiy 
Researcli Institute, Izatnagar 

(Roeeived for publication on 31 July, 1949) 

I NDIA is one of tlio food deficit countries. TIk^ shortage of concentrates 
mucli more acute than that of roughages. According to a recent estimate 
[Kehar, 1946] the supply of concentrates falls short of the adult bovine requirement 
by about 62 per cent. This estimate does not take into account the growth require- 
ments of young stock and production requirements of milch and di aught cattle. 
The magnitude, of the shortage appears all the inore serious, wlten the requirements 
of 48 million sheep, 38 million goats, 4*5 million equines, 1 nnllion camels and 173 
million fowls are also taken into consideration. 

With a veiw to meet this shortage, of concentrates Kehar and (’handa [1945] 
liave showii that mango seed kernel, whicli was largely thrown away as a waste, 
could bo satisfactorily used as a partial substitute for grains ami oil cakes in cattle 
rations, thereby making available 70 million Ib. of digestible protein and 760 million 
lb. of starch ecpiivalent. Likewise, entrails, which are not econortsically utilized at 
present, were found by Kehar and Chanda [1947] to be a rich source of protein for 
(tattle and they would make available about 47*4 uiillion lb. of excellent protein 
material. This article presents observations on the use, as cattle feed, of 
sends, whicli are?, found in enormous quantities and arc at present thrown away as a 
waste. Jama-n is an evergreen tree met with throughout India and Bui-nia, 
ascending ■''ho hills to about 6,000 feet. It is also known, as Blackplum, Jainan- 
])lum, Jamb/ll and Blaokborry, etc. 

Experimental 

The .seeds, collected from the wfistc heaps or from sweepings im bn' the trees. 
w«!r(^ washed to remove the adhering sand, dried and analyzed foi’ organic and inor- 
ganic constituents. The chemicaHl composition of jam<tn seeds, as also of some common 
grains, on dry ba-sis is given in Table I. 

■ ' ■ ■ 


INVEK'll«AT,t(.WS ON I? AMINE RATIONS 


f VoL 'XlX, ?arf-. h 


S8 


Table I 


Gotnposifion of j:Aman ftoed compared lo some mmmim (f rains oit: di if hiisis 



Grade 

protein 

Ether 

extract 

Fibre 

Nitrogen 

iVeo 

extract 

Ash 

Galeiutn 

(•Ga.) 

PllOSpllO. 

(iq 

Jmnan seed 

: 8-i50 


lO-OO 

51-70 

21-72 

0-4 i 

0-17 

Barley 

94S 

1-67 


79-09 

.4-.53 

0-18 

<i-37 

Maize 

IMl 

4-39 

1-90 

SO-fiB 

1-94 

0-01 : 

0-41 

Oats 

I0-07 

fi-55 

T2'7:i 

05-88 

4-79 

O'll 

(Ml 

Itieo 

8-99 

P-S.S 

<>3S 

89-13 

. 1-28 

n-ia 

O' 2!. 

Wheat. . 


1-27 

2-41. 

84-70 

1-97 


0-li 

(Jorii * . 

a«f5o 

:m;<) 

2-()0 

.03-00 

1-30 

O-OI 

(5-2.1 

Rye * 

S-3() 

1*30 

OdiO 

77-30 

0-90 

0-02 

O-l'O 


*AtiU‘ri(*an (iginTS 


It wiU be Roeii that ilio xpcmI is inirly JB'.fi in erude ])rotein and calc^in’ii, the latter 
being twice tiiiit of wheat which is the ri('.hest in calcium in tliis list. 

Three adult Kinniiuni bullocks, identical in Jigc, body w<;ight and, goncral con- 
dition, were seloclxnl for a long term feeding ('X])(u-iincni.. They were fed on wheat 
straw and a concontratt? iniTdanxi conij)Os<'d (tf i*a,[)e ca.kt* and jaman scnid in (M{Ual 
proportions. The anim.als relislnal the concentrate after a, couplf^ (*f days aanl con- 
sumed the entire quantity olferefl to tlieni. Two weeks later, the ]irojiortir)n of 
jmnan seed in the concentrate n)ixture was raisc'd to 75 per eent. Tin* rathni given 
to the animals is shown in Tabh*. .11. . 


TAin.n 11 


iRailonfcd' lo the experimrvkd ardmals 


Animal Number 

Body weight 

Tlayjc cake 

Jmnan, .seed 

Wheat .straw 

1 

Gomirmn salt 

1 . . \ ' 

200 

ilh. 

Jib. 

0 11). 

! oz. 

2 . . . 

;,204'' ’ 


Jlh- 

0 11). ■ 

1 07.. 

3 . . . 


fib. 

1 lb. 

0 11). 

Mo?.,' 


Tltc fi‘eding oh.«erva.tions extended over a period of ;:>0 weths, Aftf'r a, I 
live weeks of feeding on this ration a metabolism cwpevimont was condncled by 
usual procedure to (md r)ut the nutritive value id janum .seed. 
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nt 
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Eesults anb biscussion 

After a, tew weeks of leediug this ration, it was observed that the adult animals 
wJiicli ordinarily maintained weight on the Institute scheduled ration started gain- 
ing in weight and showed an average increase of 32 lb. at the end oi 30 weeks. 

Table III 

Live weight T&im'd 


Weight in lb. 


Date 



Animal No. 3 

Animal No. 1 

A.nimal No. 2 

Aagust 22, iOte* . 




200 

26*4 

202 

August 25), 1946 




200 

204 

206 

September o, 1946 . 




200 

208 

212 

September 12, 1946 . 




204 

212 

216 

September 19, 1946 . 




208 

216 

218 „ 

September 26, 1946 . 




204 

220 

220 

September 28, 1946 . 




208 

226 

224d 

V metabolism period 

October 8, 1946 




208 

226 

226 J 

October 15, 1046 . 




212 

224 

224 

October 22, 1946 . 




212 . 

226 

220 

October 29, 1946 




212 ■ 

■ 220' 

222 

November 6, 1946 . 




204 

222 

226 

November 13, 1946 . 




208 

228 

22S 

November 20, 1946 . 




204 

228 

224 ■ 

November 27, 1946 . 




212 

226 

226 ' 

December 4, 1946 . 




216 

224 

228 , 

December 11, 1946 . 




212 

230 

230 

December IS, 1946 . 




214 

228 

226 

Dceerabei 25, 1946 . 




218 

224 

232 

.Taimary 1, 1947 . . 




218 

226 

228 

January 8, 1947 




216 

228 

230 


♦Date of first feeding 
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Taumo 

Live wdijkt record 


l)at« 

Auimai, ISTo. 1 

Weight 

Animiil No. 2 

nib. 

AniiuiU N o. 2 

Jammty 15, 1947 . . - 

220 

228 

: 222 

January 22, 1.947 

218 

220 

■230 ' 

January 29. 1947 . 

220 

220* 

■ 234 

February 5,1947 . . . . 

224 

222 

231 

.Fnbiiuiry 12, 1947 , - . 

224 

228 

■228 

February 19, 1947 . . ... 

224 

220 

22(1 

February 20, 1947 . . . . 

. 222 ■ 

232 

222 

March 5, 1947 . . ... 

228 

2ti4. 

228 

March 12, 1947 

228 

228 

220 

March 17, 1947 

228 

228 

22(1 

(lain in weijrlit, ..... 

28 

24- ; 

24 


The aniinalB also put on a line hlooni and pmsentt'd a h,<.‘a.lthy apjaniratuH'. 

The lesults showing the digestibility (joeliicient and niti’ogen, calcium and pho3« 
phorus balance of the whole nitioii arc given in Tables IV and V rcsp<;c'.tively. 


Table IV 

Digcsiibiliijj corjicio'it of ihc ivhole ration 


Aniuial No. l 

Dry 

matt or j 

OrgMiiio 

nuittcr 

Cxnde 

jactcin 

Flther 

extract 

Fibre 

N ill figi'ii 

iii e 
extract 

Total 
cai'boljy- 
■ Jratct: 

1 

40-4- 

0(1-0 


,5S‘6 

59-4 

52-0 

o{l-5 

2 

';':\;V"'47'4/; 

55- (1 

44-2 

;154-5'; 

';',59-7; 

, .53-3 , 

.7(M 

3 / 

47-8 

. ,,o5-S 

■■ ■" 45-4 , 


. 59-8 \ 

52-(} 

r4i-r, 

Avcnige . 

. , '.I 

,a5-8 

_45'S;'j 

. . 56-8 \ 

■ ■ I' , ■ 

69’(j 

53-G 

.oil- 5 
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Table V 


NUrof/dih, calrinm (Viid ■hliofiphor-vf! balances (■««■ <jm,) 


— - 

Animal 
No. 1 

Aniuial 
No. 2 

Animal 

No. 3 

Siiro'jen hitalx : 

Jdvum -seed . , . 





4-13 

4-13 

4-13 

• Hape oake . . . 





6-22 

C-22 


WiH'ufc Hlravv . . . 





0*44 

8-62 

7-48 




Total 


16-79 

18-97 

17-S3 

Nih'ocjirn i.urrdion : 





8-93 

10-57 

9-73 

Urine . 





4-20 

5-40 

4-92 




T’otal 


13-13 

15-97 

14-65 

N itroijf n Utla/u'r 





+3-66 

+ 3-00 

+3-18 

iiiolo/'ical value oi' fcke protein 





85-94 

83-01 

84-07 

Vahhuii hiluke : 

J avian seed . . . 





1-23 

1*23 

'■ 1-23'^ . 

UajHM-uke 





0-75 

0-75 

0-76 

^N'lieut straw , 





o-lS 

6-93 

6-02 




To'J’al 


7-16 

8-91 

i 8*00 

f'ulrivvi r.irntiuii : 





5-71 

6-75 

6-00 

Urine 





0-38 ■ 

()-55 

0-5S 




Total 


t)-09 

7-30 

6-55 

< 'akhnii halanc.c. . . 





+ 1-07 

+ 1-61 

+ 1-45 

iHlal'c 

Jumau sceii . . , 





0-53 ■ 

0-53 

0-53 

i ?ape euke 





1-23 

1-23 : 

1-23 

\Vli(.';u .stra'.\- . 





1-03 

1-SS 

1-20 




To:raL 


1-79 

2-14 

i-96 

J'lionpluv n i-.i fn iidu ; 

Facees ... 





1-73 

1-99 

1-85 

Urine - . . . 





0-01 

O-Oi 

O-Oi 




Total 


1-74 

2-00 

1-80 

Phospiiorus hulance : 





■+0-03 

+0*14 

+0-10 


INV'KSTKJATIONS ON' FAMINli 11AT10N« ^' 


It will be observed that replacement of oil-cake by jamau seed, to the . 

75 pei: cent gives a fairly high positive nitrogen, balance. Inis 

and phosphorus too ar(i positive. The positive .odnntiou of uupurta,i t ; 

auret‘s with the gain in weight and healthy appearance ol the o.'iptM'mienlnl aninuit^. 


Tim. flata on. the consumption, excretion and digestibility cuelhci^its ol the 
various constituents in the jaman seeds are detailed m the Table V 1. 1 he aigesti- 

bility was determined by the method of elmiination and the neinissury (.to tiu. 
auxiliary feeds, m., wheat straw and rape cake, was taken from ben 


Table VI 


DigesiibiKty coefficimit of jaman seed 



Organic 

matter 

Crude 

protein 

Ether 

extract 

Crude | 
lihro 1 

Nitrogen 
free ei, 

extriUit 

'fetid 

irbohydra- 

teS 


gm. 

gm. 

gm. 

giu. 

gm. 

gill. 




BuHock No. 

/ 



Consumed from ; 


1 


1 



wTaviaii seed . • 

2:n 

23.8 

3-6 

.31 . 

: ,137. 

207 

Eape cako . • 

at 

384) 

‘)-6 

8 

' 37. 

•m 

Wheat straw . • 

1375 

40-3 

15-8 

■ 678 

641 

1310 

Total 

1706 

' 

103 

20 

737 


.1372,' 

Voided in fauces : 

731 

53*8 

i '' 

' 200 

38..t 

083 

Total digested . 

003 

46<2 

17 

438 

431- 

880 

3)igested from : 







Jaman seed 

103 

J(il 

24) 

21 

88 

123 

Eape cakci 

(is 

3;m 

8-7 

3 

23 

23 

Wheat siraw 

7Kt 

Nil 

5-7 

414 

340 

730 

Digestibility coefiicleiit 

of jaman seed 

43-3 

62<.4 

72-2 

. 

41-2 

36-1 

6U‘4 
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Table VI — confd. 


Digest, ihility GoejJiGienf, of jamaii seed 



Organic 

matter 

Crude 

protein 

Ether 

extract 

Crude 

fibre 

Nitrogen 

free 

extract 

Total 

carbohydra- 

tes 


gHl- 

gm- 

gm. 

gm. 


gm. 

Consumed from : 


BitlMt No. 

2 ■■■ V 



J mnan seed . 

237 

25-8 

3-6 

51 

157 

207 

Rape cake 

94 

38-9 

9-6 

8 

37 

46 

Wheat st, raw . . 

1835 

53-9 

2M 

906 

855 

1761 

Total 

2166 

1 18-6 

34-3 

965 

1049 

2014 

Voided in faeeea 

961 

66-1 

15-6 

389 

490 

879 

Total digested . 

1205 

52-5 

18-7 

576 

559 

1135 

Bigestod from : 







Jarmn scted . 

91 

ll)-4 

2-4 

21 

83 

124 

Bapo cake 

68 

33-1 

S-7 

3 

23 

2,7 ' 

W^'heat straw . 

1C46 

Nil 

7-6 

552 

453 

986 

Digestibility coeffici eut 
ot jcimtm seed 

38-4 

75-2 

66-7 

41-2 

52-9 

60-2 

Consumed from : 



Bulloc-h No. 

\ j 

j 


Jamm seed 

237 

25-8 

3-6 

I 51 1 

!' ^ 

207 

Ea.pe cake 

94 

38-0 

9-6 

1 

8 ! 

37 

46 

Wheat straw . 

1599 

46 -8 

18-4 

788 

745 

1533 

Toi’al . 

1930 

111-5 

31-6 

847 

939 

1786 

Voided in faeces , 

852 

60-8 

13-5 

340 

436 

777 

'fotal digested . 

1078 

•50-6 

18-1 

507 

503 

1009 

Digested from : 







J amaii seed . . . 

98 

17-5 

2-S 

23 

85 

125 

Rape, cake 

68 

33-1 

8-7 

3 

23 

■ 25 

Wheat straw . . • 

912 

Nil 

6-6 

481 

395 

859 

Digestibility coefficient 

o[ jaman seed 

41-4 

67-8 

77-8 

45-1 

54-1 

60-4 







a- 


jNVES'naATio'N'S oTsr rations 


IV^ol XIX, Purl. I, 


The digestiibility oocfficiciits of the impovl-aiil) (^onsi-iiauMil.s ol, Jintimt * 

af? crude protein, ether extract and total carf><)hydi'a.tew ha,ve itnt'U fiuind !*> !-*' 

72” 2 and GO-3 respectively. The digestible nutrients [jer 1(H) |i). of di-v inaiifr a;- 
compared witlr tl lose of other common, grains is given iri 3\-d>!e \ iL 


Taule VIT 


Digedihle Dulrknlfs r/ jaman. seal m mnijmml mf.Jf. fhosr of olhor /pv/o's ouP sreny 


(in Il>. per 100 lb. dry material) 


. ■ c 

Diyostifiie 

prolciti 

Slaivii 

'i'nf.tl 

dtv-sihl.- 

mitrli'iiS 

Barloy 







1 

7-i- 

.sm; 

s,i.u 

Maize 







■.S-2 

an-:! 

iMd! 

Cate 







7‘8- 

7:!-t 


. . 







(5-{» 


'ctv2'' 

J\ve* 







'M 


,',S7*0. 

OaiV 







7-0 



Jitmrtn reed 







r.-s2'' 

tr.- 1 

, 4e.n:{, 

(itcu'cs 


It will be seen that the dIg<^stih)<^ pr<itcin obtained IVoni junto o- sfr-d i:; ihiJy 
comparable to that of other seeds and grains. , 

These observations givo. jamni. seed a, fair p!a(‘.<5 in the list of eumi.-'.sh'at** mi'l 
it can be satisfactorily used, to roplaci^ oil cakes to the extent of ainmi, 7“! pi-.ft*;' n. 
The- keeping quality of jaman S(V.‘.d seems I'.o be. satis factory ns n<» <)«*( (MiorMtim; ‘.•.e ; 
oboserved after twelve months storage. 

tt has not been possible to estimate the qua.ntity of seefis a^•ii:^,b^‘ in Snd.i‘;. 
But it has been found that one tree yields a])out two to foiii' maiinds rd ,seiH!;i armun Oy 
and it is bclitwed that there are millions o]‘ jmtmn ti-ees gi-o’.ving in the [.'hiu'' ;d! 
over India, 

SUMMAUV 

Investigations were made to find out Ifjawmi seed, liitherto reji cted u.\ n, wn n',e. 
could be utilised as a feed for livestock. The .cliemical analyses of both the organic. 
and the inorganic constituents showed that the seed wa.s rich in crude prolein a,nd 
calcium ; the latter being twice th<'. araonnt present in wheat. Jfiutou seed wwi leg 
to Kumauni bullocks to the extent of 75 per cent of the, pjta! e/meen; rate. Tiie 
animals showed no disinclination in taking to it. They galmsl un mi svprav- a'nou, 
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32 ib. in body weight and developed a fine bloom during the course of experimental 
period of 30 weeks. All the animals showed positive nitrogen, calcium and phos- 
phorus balances. 

The fairly satisfactory digestibility coefficient of tlie protein, other extract and 
total carbohydrates and the biological value of protein give the seed a place in 
tlie list of concentrates of proved value. 

It has not been possible to assess accurately the quantity of jam mi ^ seeds avail- 
able annually, but as one tree yields about two to four inaunds or seeds, it is believed 
that these observations would make available, from a hitherto unutilized source, 
millions of mamids of protein-rich food for livestock, 

;r.eferengbs 

Kehar, N. !>.■ (1946). Perspective 11, 1 

and Chanda, R. ,(1945). Indinn J. Vet, Sci. 15, 280 

(1947). J, Feh .Sfci. (in press) 

Sen, K. 0. (1938). 3Iisc. BnU No. 25, Im2i. Goim. Agri, Res, 



TUB rffRMlT'-lL rOMPOSlTJON AND NUTiaT.n^B VALUB (>B 
AIjKAIA TJiBAT.BD BiWJifLi GRABS {HAGdUJKI^ M MUSAA) 

By 

A. \\\ ZuHAfKv AM) N. K. Ayyaji.. Aumial KiitTifcion Rediou, fndiiiii Votorinmy 
*l»(‘rtfurc’}i Instii'iite, Ti:a.tnag;ir. 

lor i)iib1ii;ati<in on 19 March 19-j-S) 

A idvA! ,1 1 iv‘ii1 iiioiX. uTHtniWhi lias liceii tbe suhjeci of study iji 1 lie Auiinal ^iiliA 
x“'\tioi! Sociidij lu) MUtto liiite pasl uihI it has liocii ohsorwd tJial ftikuh tivaluuml 
iitiifrrjYos Ihc* uutriliva value of nuiiiliai^es. Its effeot is iua.injy on the digostibility 
rif fibre. On tilkali iivainieut the liguiu liiudinu, of the oolullosi' of t]i<‘. rouyhaee fs 
ruptured, t lietvhy fiu'ilitatiug ilui aetiun of digestive jnieos oii eelullose. during UK'ta- 
Itolie proeessos. deu. Hay and Talapatra IH.M'i] have siiuwn that un alkali troat- 
lueni tiie lotal earixihydrate dige.stihility of wh<‘at and paddy .straws iiunauised to a, 
inarlvpd extent. ‘ 

in the pre.seiit woi'k alkali treatment of Sarehannn tmoijiu loeallv known as 
Bli‘h'n( grash lias l>een sliulitd. In India, where shmtagt' uf fodder for Inestoek 
is nente. improveiuent of straws which are not generalh idili>;ed by i^altle has a 
ure,it eeohoinie siuniHeanee. Blmirn grass is a typiiad e\auiple of Mieh a strawn 
It a perennial grass with very low palaiahilitv. Wluiii aroen it is not veiy nuieh 
relislnsl by captle ami when dry it i.s iin])ossU)!(' to feed it a.s sueb. It is available 
in large quantities and is g'enerai'ly ns<‘d for tbattdiing piirpo.se.s, lu a. ]n’evions I'xpe.- 
Timeni eondueted in the section [ by Kehar, lb 1 kj, it has been shown that animals 
could not be induced to eat dry ft/w-rm grjis.s except w’ith the addition of inoiassos 
and its feeding value, under tliose (onditioTis orfineling, was fount I to be :]-,s p^r cent 
starch e<(uivaleni and 'd7*7S per emit tfjtal dinnstible niitrient.'' with no digest ihle 

protein. 

Analysis oftiu-. hJmrrn grass lias .shown i.hat it .is lairiy i‘orni)ara!)!o with wheat 
and paddy straws in eheniitad eoinpe-sition (Tabl*> i, next ])ag('). I'lie Jbihiwiiig work 
was, tlterefore. undeitakt'ii (o w'c whetluM' dry bhifi'in '‘IM.ss could lie improved m its 
pahdability and nutritive valiu's liy treating it wiib caustic Sofia solution. - The 
results liaG'. bean foniid to be quite eneoii raging. 

Tfctilhictif (>1 I'tliurra (/r<txfi ‘inth soda .stthdioti, 

'riu' hlim-i'd grass was choppf'd ami soaked in lim times it., s weight of 1-d jn-.r cant, 
caustic soda .solution in a cemented lank of suitabh' si/(> for '2 I hours. It was turmsl. 
se\ I'l'id i lines <luririg the |)eriod of s<:>a.king for a iiniform treatinmit of t lot. Tln'U'- 
afte.r the" residual alkaline liquor wuis drained off to another taid<. Tlie 1i;eal(;d. 
siraw^ was washed thriis' with water and the washings were run into t.he motju'r 
lifiuor. It was further waslnsl wdili watir to free it of alkali and tin' wa.shings were 
draimsl out. It wa.s tlnui dried in tlie sum Fifty ])er emit more alkali w;> 


TABIiE I 

Ch-eoucal conqHmtuj^tb «>/ Bliiirra (ffuss, Whmi (md- Paddtj drew 
{Percentage ecf ressed mi dry ntnUer bain’-s) 
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ii.'I'Jed to tii<‘ iiiotlier liquor which was maile iij) to the original, voluim* with water 
to bring it ;ij>proxiuiately to the original Htreiigth and the reinlforced alkaline soliuioii 
was used for treating another lot of hlmna grass. Twenty-four , lb. of caii.stic soda 
were u.sed in 1000 lb. of water for treating 100 lb. oihhuTr<f> gra.ss. Twelve lb. more of 
^a,usi.ic soda were used to reinforce the residual, liquor whieli was made up to t he 
urighiul volume foi‘ treating another lOO lb. of hhiirm grass, fu all, 30 ii). of caustic 
soda wciv useil hu- treating 320 lb. of hliut'fa grass and the yield of alkali treated 
hhtnm gra^^s was 250 lb. There was thus a loss of 20 ]>er c.ent in the air diy material 
due hi alkali Treatment. The eflect of alkali treatment on the <lry mu.tti*r of the 
sTj’aw is as sliown below. 

Table II 


EJJM of alkali ImdiaenI- <m ike dry mailer of iM slmw 


Ainoant. takciu 

AmoiUit o1)taixied 
al'tfii’ troatemiit; 

1 

Aii-drv 1 

Oveii-cliy 


I Air-dry 

Os'Cii-dry 

Per 

dry inntfcr 
' lostt. 

viu,. 

«m. 



gm. 


100 



80 : 


21-88 


The loss in dry matter could l)e accCiiuittsi tor by tlu; loss sustained by tla‘ (dher 
coHStituenIs except crude fibre. JMitrogen free. extj‘a,ct. and the tokil nsli are tJio 
etjtiHfcitueuts wliieii contributed most to the loss of dry matter. 

Ify the alkali treatment of hhurra gva.ss its various constittients were afleotod as 
shown in Table ill, Tlic percentage loss or gain of the different ccaustitiients are 
al,‘0 shown rhereiu. ft miglit be iiotic.ed that the percentage ofemde protein, et iier 
extract, N-free extract, ])hos])hoaTs, potas.sium and cldorine wa.s lowered and that 
of crude iibre, calcium, magjiesium ami sodium was increased. Criuie fibre was 
a}jpareiitl 3 " not A'eiy much afleeted by the, allndi wjlution as is evident from the 
i>('! centaye loss. The lo.ss in N-free extract has, Itowevej-, been compensated b\^ 
the ris('. in libre so tliat the total carbohydrate couteid of the treated grass is higher 
than that of the untrenterl gra.ss. Tlie rise in llie calcium cr>ijteiit , may to a gresd 
e.vtenf, bo accounted for Im the <ieposiiioii of calcium on tlu-v gras.s from tap water 
which on later examination contained signilicant amoimbs of calcium. Tlie iuciease 
ill sodium content of the treatcfl straw was uliviomsly due. to a. certain ainoiiiit of 
the alkali having been retained inspite of tlie repeabnl washings. 

Ldr^iillhilitAi aad oalrilhe ralue of Ireafcd hk\\n'\\' yra • 

For carrying out a digestibility trial two country bulls and. two Kurnaou hill 
bulls were used. Their live wmights were 833 lb., 83>2 lb., 231. lb. and 23b lb. rcs- 
p(*cti\'el\-.^A]i the animals were started cm a ration i-ontaining tivatcd h/iarra grass 
fed ail lihifiitii. a weighed quantity of ^ sur.vcnA ' cake, a-iul an ounce of common ,salr 

■■ 'I. 2 . 
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P*'!- jK*r day. 'I'Ik* ration was fod lor a period of 20 davs at tlie end of wlii.di 
a.nd. Lu.Bie bay's wore fixed on the aniniaiH for collecting tlieir inocos and. nrin..'. 
! he same rai ion \va.s cojitinii(‘d Jbr auollier tiai da,ys and during t.his period 2i hourh 
c.lleel ions ol' iaeci'S and urine wore made. Tlie samples collected diirlug rlie (‘xpiu-’i ■ 
mental piuiod wcie suhioeted lo ('hemieal nnaly.si.s with a view I,., deterininiiii tin- 
di’it'stil)ilil,v cocllieieiitand the balance Ibrnitrogeai, ealciamand pho'^phortis. h]\(*eDt 
(Uiring the eoilec-dou j)eriod fho animals were weighed e.very ilnve day>. and found 
to maintain th<'ir liody-woigJit. 

.riie clieinieal (ajmpo.sition oi the leedijig .stufis, th(‘. food c-onsiiniptiun pm* dav, 
and tiu' (ligestn)ility detorminatiujis of tiie treated blmm grass aie shown iii Tablte-s' 
1\', \' and Vr. 

■ ■ ■ ... . 'TAliLE IV' 

Pc)'f(-; Ilia fie. 0(1111 pii.'<ifion of ific feedinn i^taffa {<m ilri/ hit.>‘i.s-) 



'L’rea.1eil 

hhm'fa 

grass: 

'/ ^ , ■' ■■ ■, 

Hto'mu 

cake 

(,'rafle id'otein . . . 




Ktlief e.\ti‘;<ft/ . . . . . . . 


'10-87 

,LI2-Ta;, " 

(..tnide tibrfc . . . . . 


■fOMg , 

^i0-(3U 

N-troe e.\t.rai.-l 


i,40-8;s 

.12.1. -SS, 

'.fetal asli . . . . . . . 


4-dS i 

■ ■ 

ti.-2i; 

(.Jitleium (OaO) 


0-72 

Jd-lO 

t’hiMphtH'its (RA-tj) . , . . 


0-lU 

2-l)S 

TabiA': V 




Fuoil roasifinplion pm- da a 

.on (i/fi Itasia) 










,'v 

Aiiimaly 

Allotlj 

treated 

hlmri'H. 

eake 

1 . : 

j Total 



». 

.uau. 

Cuunirv .Bull Ntr. 1 ; 


■ 't Aiatr: 

02:is 

CiHuiiry .I’.nll Xo. ‘i . ..... 

4ttai 


V '»2S'iv''; 

Hill Bull Xe. «] ] 

I OfiO 

. 202. 

■ ISeS . 

Hill .Buii .\o. “ ■ 1 


2tt2 

t!)!W 


rd uif^, I ajj\sr( i'OAri'Of^rTK)N and Nni’NiriVK v.UAfN ok alkali j Vo!. \1X., I 


' '.rALLli VI 

Diifruiihilihf voefjivmitsi of alhiH hTtilcfl ]Aumi\ (jnisK 


<..'i»n.sume<'{ frum ' 


Louiitry JUdl No. i 



Oi'gtiaio 

iiKtfU'r 

fk-iidc 

pratein 

■I'ltihiAV 

extonrf, 

Jil)r« 

N-IV.V 

OS.1 rac't 1 

'I’otnl 


I.-;" 

- 

3 

4 


0 


gTII. 

gni. 

I gfji. 

gm. 

gin. 

gm. 

Alkftli irestiod hhin-ti "I'ass . 

d,:{r.s-i7 


■ 42-7S 


!,S87*3n 

4,!!)0*iHi 

Bufum ciilcf! . . 

oTo'n'i 

3ll-(i7 

Nd'dd- ■ 

(«)•!)« 

. 211 *04 

281 ‘Oi! 

'j’OTAi. . 


rUitvlr. 

I25*0d.| 

■■ 2,373*38 

2,008*1! 1 

1,172*32 

Voidwl in Lincoii . 


?S8-<)7 

5(>2g 

333*25 

80-I.-80 

1,230- 14 

'CtJlai clijf^ftsited 


147*11) 

■: ' 74*74 

2,038*33 

1,20*1*03 

3,2-l3*38 

iVcmi i^tii'non onkts . 

■MILS I 

i71)*!)f: 

7l)*4H 

30-71.) 

1.3t'r(ii' 1 

" ■ tS7-4'0 

.Digcstt'il from troatwi bhunut 
ifi’asffi 

MjOniOnVl 

'till \ 

Nil 

. 2,007*34; 

1, 0*1.7* 14 

' • 3,tl34*0.8.' 

inlily of 

h'tinifd Vtount graafi 

liildJi 

Nil. 

1 

Nil 

87*13 

33*30 

72*00 



'..'onntvy .Bull No. 5 




Coutit'inieM] lioni alkaii tivaiod ' 

4,3Qg-45 

liLXil 

43-18 

2,3:M*83 

Id 104 *78 

■!, 220-03 

. nalnv ' . . , i 

' ■.575-.i3 

iiil‘ii7 

g:MM 


2li*t;4 

281 '02", 

'i'oi'M , , 

4,073-!:>S 

337-31 


2,3!i4*N:: 

2,11.1*42 

1,311*2;, 

\'t>i(jt(l ill Inorf;: . . . i 


I7!)*:}7 

48*54 

M77-(i(i 

80! .30 

1,230*2.. 


:LblJtj-,s2 

l;j7*yi 

7t)*S8 

2,0 i 7- 17 

1,234*83 

3.2(2*n() 

from enkc 

-is-iri-si 

I7i)-li2 

7(i’49 

30*7(1 

J3<;*f>l 

,'-V '4'H7*40' 

J dgesti'i'l tVurn (ronlc-d hhiiiiu 
grass 

i .'Luin'Mi! 

Nil 


1,08()-3S 

1.008*22 

3,08! liO 

i)i;jr*Rtibim.y roolUciindn of 
li€.'tU;c] iVi/f/vn, gj-ar.s 


Nil 

O-iiO 

83-44 

37*(i0 
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l-if t/rali bWiij (‘oc'jjiei 

(‘.nfs <)J (jmm. 




. Hill Bull Ko, 

. 01 



V,Ol!:iim!(H} iroilj 

Organic- 

mtvMcr 

Crude 

protein 

Etlier 

extract 

Crude 

fibre 

i h'-T' 

1 If 

Total 

(airboiiyd r; 
fcl.S.S 

1 ■ 


. 3 ■ 

4 

- 

<5 

I’m. 

. gi«- ■ 

gin. ! 

gill. 

gill. 

gm. 

(.-'iimsinui'il from ailvuli frciUt'd .l.r>8,")'S2 

W'Hrra grass - . 

R'J-O.I. ' 
i 

■1 i 

l;>4(} 1 

1 

801 -53 

071-22 

; 1.532-75 

r" 

A'ar.'-o}/ cake . . . 17t)-i5J; 

1 .d9-53i 

r,.sTj 


()2-90 

1 83-i)5 

Total . I.Turivlu 

l(»9d9 

. 39-33 1 

■; 882-5.S" ! 

r 734-12 

j 14)10-70 

Vdiiled ill fiieces . . . .')47-n2 

(iiS-23 

ICrlil 

Ui3-5:) 

303-00 

407-1 SI 

Tofai digc'sicii . . . 

dm!.] I. 

: 22-73 

71!M)5- 

430-4(5 

l,f -1:9-5 1 

-Digcsiicd ri'oin (;uk(? . .i38’V»(i 

oO-OO 

2!-0(i 

9-20 j 

.|(i-55 

;■ : 5o-Si 

Oigf-siod from tmde'ko//amr 'l.t>?o-!8 
graas - - 

XU 

XU. 

' ■ ' ■ 

'70i]-79 ! 

' ■ 1 

383-91 

l,093-7<] 

1 )ig'-sliiii]il y coeliU'ieiit of BS'da 

ircided grasa 

XU 

XU i 
! 

82-3!] ■ 

57-20 

71-30 


! ' 1 

1 i 1 



i 

<VMisium'i] from aikali i,ro;dcf{ l.7i 

h/ii(>'i'u griisa 

42-Sf 

ii-.70 

931-(i7 

725*82 

1,057-49 

fS'-tt'/iim cake , . . .1 i SI %•!■■!: 

ii!]-53 

25 -87 

21-0.") 

1)2-90 

.s3-i)5 

Tor/u. . . K.S'd-J:-23 

iin-yr. 

-40-13 

"'952-7 j 

788-72 

1..741-44 

Voided ill iaiws . . f,0,3-20 

72-80 

i9-:u 

182-47 

330-59 

513-00 

'foialdigeaed . . . 


21-09 

770-25, 

45S-13 

I,22S.:iS 

Digesieil from ■-(h'.^uii cake . li-IS-Od 

5!)-U» 

21-OH 

" 9-20 j 

1 , 40-55 

;-.5-si 

’Oigesiod from alkali ireaied '!.!o0'07 

XU 

XU 

700-99 1 

411-58 

.i, 172-57 
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Tit*'. {a'(‘raii(‘ (lijifstiltility (’(M'ltinjichts of tiu' orgHiiiu nurlicDlj^ <>)' Hh* fr^ilni 
iihfin-tf ;).,i.'c, shown in Ta,i^ie V'iJ. 

Tam Vll 


Ijit/i .slilyiJil// vQffn-iviiU^ n/ hliuvt’;j (fi'rtK-)-' 
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'Pjn' (iiiifsiiliility (•<)(*,n)<.'ioiit,s woi-f it_v a iirocess of (‘rnu!niilio}i lor 

whit'll the digosl ihiliiT copdh'ii'nts For .s'hA'vw/, cako ween I jiktai iVniri tStai i iUdSh 'Plio 
atiiinals f'OMsimictl a lair amoniil' ol' fJia l.i'<?a1:e(l ji'ras.s*, tho avt'rap' (■niisini}])lioii per 
loo !h. Ii\(^ uri^lii la'infi approximately 1-4 lb, it may bo obsowiah lliat; tin- cfutio 
ami the ether oxtraci <»!' (he troatotl hfrun'ii. gra.ss wt'ro no(. di.u'osteil hy the 
fUiimals, thoup:h in the ease oP animal .No, b a sliybt. tii<j;estibility oP etlier exfra,i't 
may l)e nolieofl. As rtyiards (liie di^i'shibility onetlioients oP enide filiro and 1<»tai 
r'arbobydratoH they are fairly liiuh, lln^ iToiires hoinc 8M7 and 71 ‘08 resjH'ot ivolv , 
When the digo.stihilities of those ingri'dionts art* <;umpare(3 botwotni (lie eounlry 
bnllock.s and hill bulls, it appears tliat the, eonntry bullooks digest 1 ho erude fibre 
and the. total oarboliydraOxs slightly liotter tluui the. hill bulls. 

Till' mUrilivo value of alkali troaied hhfrra grass has boon dei.ormiiu'd by (he. 
u.sual Kolliior's method and (,ho n^snll^s are set out in 'Pabh* VI 11 : Ibr (he purpo.ses 
of eom[)a.risoii the nutritiv<‘, values of alkali trcaitod wheat straw and parh!}' strav 
[S(;n, i’a}- and Talpatra IP42] have, also been given. 
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Table Vin 

Nutritwe values of alkali treated bhurra ^rass 


(Per 100 lb. dry matter) 


Straws 

D.P. 

lb. 

S.E. 

lb. 

T.D.N. 

lb. 

1. Alkali treated 6/wmt grass . . . . 

NU 

;«4 

58-8 

I ■ ^ , 

2. Alkali treated wheat straw . . • • • 

Nil 

34- 1 

59-0 

S. Alkali treated paddy straw . . . . _ . | 

' Nil 

354> 

55-5 

4. Untreated bhurra grass 

Nil 


27-8 


It may be seen from the Table that the nutritive values of the three alkali treated 
stravs are nearly the same, and that of the untreated hliutra grass very low. Even 
after making allowance for the loss of dry matter and other nutricmts by alkali treat- 
ment the remainder of the grass has still more S. E, and T. D. N. Calculated on the 
basis of the original untreated straw these values for the remaind(}i‘ come to 23*5 
ib. S. E. and 42*6 lb. T. D. N. ; compared to the untreated grass these values are 
much higher. The importance of alkali treatment, thus gains more significance. It 
improves the grass as regards its palatability and nutritive value to a remarkable 
extent. 

The nitrogen, calcium and phosphorus balances under treated bhurra grass 
feeding have also been studied and the balances {average per day) of intake and out® 
put of these elements have been worked out and the results are vmeseiited in. Table 

IX:/ : . ‘ ■■■ 


56 'i'HE CHEMK’AL COMPOSITION AND NOTBlTlVli} VAf.UE OF ALKAlJ [.Yol XIX, Purl- I, 
, , : TabUT: IX.-- ■ . 

Nitrogen calcium md' phosphor m halawcs 


1 

Animal j 

2 

Intake 

j '3 : 4 . 

i Excretion 

i . . .. _ 

Total 

excx'etion 

i 

y :i 

Balance 

7 

■ BaJaiiet- 
per 500 ib. 
body 
weight 

Faeces 

Urine 


gm. 

g«»- 

gm. 

gm. 

.^^a- 

gm. 



NUwi}m 




(■ounti'y Bull No. 1 

58-79 

80-28 

13-48 

48-71 

•I- 10-0.8 

4-0-05 

t'OUiitry .Bull No. 5 

58-97 

28-70 

18-05 

42-85 

-1 n-02 

4 0-90 

■Hill bull No. fil . 

I7-4(i 

loll 

8-07 

18-78 

•4-8-08 

-P7-97 

Hill Bull No. SUt- . 

17-97 

11-05 

4-12 

15-07 

4-2-80 

- ■-1-4-88 


dftlciiOn {(UiO) 


Country Bull No, 1 , • . 

40-51 

1 80-28 

0-71 

80-9-1 

4 8-.57 

Country Bull No. 5 

40-81 

34-32 

B24 

85-50 

- 4-5-25 

Hill Bull No. 01 . 

14-37 

12-05 1 

0-04 

I 12-09 ■ 

4- 1-08 

Hill Bull No. 884 

15.-35 

12-5.5 

0-57 

1; .-.1 

4- 2-28 


PluMji/m iiit ( PJJ - ) 


CounU-y Hull No. i 

■ 27-43 

25-01 

/41-27 

25-88 


Country Bull No. 5 . . 

27-50., 

■ ' : 24-70 ■ 

.■...0-21 

24-97 


Hill Bn 11 No. 01 . 

9-47 

f -v-0-g2 

0-09 

0-91 . 

1 4“2-5f. 

® Hill Bull No. 88-1 

i- ' 9-75. 

7-70- 

0:10 

7-89 

-i - 1,-80 1 


It may be seen from the Table that tJie balamjes of uiti'ojuen, ralciutn ;uu{ phurt'- 
pborus are-positive in all tlic cases, i]ie liill biijJs sliovving a i»rea,ter f)()sitj\ e liuJaneo 
in regard to calcium and pliosplionis than the country bullocks probably thu' to a, 
larger ingestion of these nutrients. With regard to nitrogen balance, botll sol's 
of annuals do not show any difleronce. The balances of the tluH^e oiemeuts inul,.)- 
treated h/mrra grass feeding show that the animals are (capable of tluoM 

in their system, 
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Summary 

Dry bhurm grabs is not eaten by cattle. Alkali treatiueiit makes it palatable, 
ijattle consume about 1*4 lb. of alkali treated bhurm grass per 100 lb. live weight 
when it is supplemented with suitable amount of concentrate ; and they maintain 
their live weight and remain in positive nitrogen, calcium and phospliorus balances. 
The treattKl grass contains 58’8 per cent of total digestible nutrients and its starch 
equivalent is 32*4 per cent. In its nutritive value the alkali treated hhma grass 
compares well with alkali treated wheat and ]>addy straws. 
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INVESTIGATION INTO THE CAUSES OF CIENEEAL DETIEIO- 
R.AITON OF CATTLE IN MALABAR AND SOUTH KANAEA 
(MADRAS PRESIDENCY) 

Rv If. M. R.ukndilvn. Q.Ai.V.t'., P.G,(Mukt.), P.G.(A.nim. Husl).), Locturer in Animjil 
HiiHh.MMfiijNVradras VeteiFiaiy 

{A SeluMni' Oiuniopd I>\’ fclio fndian Council of Agricultural ller.c;ireh, Jrotn 
i.r).I9.i4 to 31.12.1945) 

( liooeiA’'ed for publication on 8 December ,1 947) 


|T is well kiiuwn tlint I’lie caltN? uii the West (V)ast of tlie iMadnis Presidency 

1 are, siiiiill and stunt et! in growlli whiCi is a.ltril)iited to niitienil and vitamin 
<iefieienei(‘s. general inalnut ril ion and pa,rasiies, etc. An experiment was conducted 
t(t (lelermiiu; tin* relative importance of' each fVietor. a.t Ihittaanli in South Malabar 
iJistriet. 

There, in the AVest (?oast. the anmial rainfall ranges from 75 to 150 inebes, 
vith an average of H)0 inches at Pattaiiibi. The soil is poor and laterito in nature 
and is known to be delicient in lime and phosj)hales. 

'fhere is no distiriet breed of cattle in this area, all l)cing non-de.seri’pt, the 
average laetatiun yield of cow being 500 to 700 lb. with a. daily average of a bout 

2 lb. and a maximum daily yield of 5 to 0 lb. Stall feeding is not practised as a 
general rule except in case of a, few animals which are fed a little rice gruel and rice 
straw or in ease of niileh eut.tle which get small (jiiantitios of eoneentrates like, cotton 
seed, oil cake and rice hran duriiig their Jac.tat-ion period. 


Mimions AND MiVimiAL 

Forty-eight bull-calves, alaait one year old and locally bred, were purchased. 
The'-^e wcic di\ld<Ml into four ro[jresenta1 ive groups of twelve each, keeping in view 
their .siw. height, he/dfh and vigour .so that all tiie groups were a,s similar as possible. 
These gnapa’. uere named as A. lb V S: .D and given a, diO'ereiu t.y]>e of feed a.nd 
tn^atmeul. Fach gnarp w.as se])arateiy ]dmtographod in the, b(‘gimiing of the 
experiment and thereafter e\'e,i'y six months. Their body woiglits and mea.sure- 
menls were kept to se(^ the varia.tion in growth as the result of differ<mt ieeds and 
tre;;,tmenls. tlrou]) .V was the control gronj) and fed ratums .somewiiat simtho' 
to I hat giv(;!i to ihe animals of tliis type normally in this art^a,. 

nO 

N 
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!s,HS!.i|.T8 

5 fl<' ;4l t'jl I O.'i!. fi'i)fli>}f‘ lit;)! \V;j,S Hi i 1 1 {‘IM '( I jn;.| liofori" itllii .‘ijlf'!' I il'J c, H 1 1 1 1 li ■ 1 1 1 
Hi llie o„, u,i,\ > us; (b.jtli mhui.u!*^ flu- f'.i.i vh.-^ ai \ (M'\' iMtiH'vails. 

ol 1 'i- ilajit iiK h.ad liccurror! a ]){n‘ro(] ctf nvo iiioni h> (Iroui t.iie 

\iMii ii'!i iorJia jUMi-jiuic iOlf). A Li-o n)jj idtv of ihv nii-ial- iliat (IhhI 

>>(it h Ihjmk,- jinl a flcr I jit' (‘uoiirjriti't'hnai. u! i Ii'' <• \ jiri-ijiir!!! >■ -OiMi! ;(f -\ !ii]>t uiii-. 

ami p( isi ;tjj[)oa r.iJK'tis (»l \ oriniaous jiiitTiion -lati ilitiv vri-rii (In' 

<)i tlifi ‘uiiok* !(i[. ] whoii ifiP suiained Luo apu of ouh \<'ar ami 

im>i‘('. am! wiimi tiitat* iii.iiLod jit tin ii* conliiiojj uiuiet !i.‘l!ci 

fnru .-iiul mana^oiriuiit. moHiddy IVom vo.-iriimisis sUiji|-.eH. Thor** vv«‘‘;p hi.i 
tlirtjo (it.ai hs iojm ij(‘ whoio of i iic reimirnm^u pe’riod of i 'if* ex'j'fu imosii , [■'■Ol laoiKh", 

faiL lhi‘ riinical .'■■vuipduK.s a.ml ])OKi -iiioitoii] appcai'.amms iji riieM'- ihr'-'o wcrt- nuitt' 
'liifoion? tViaii tlioso oi' llio proviouh 11 (ioaiLs, 

ill all' lilt; afit.\'e !} ijiaro wairo iy'jiif.i! ay o!' \'f>i‘iiiim)si,s 

Imfor'* (loiiij). hi of ilioiii. 1lio, wonim rolloolnd ;ii poaf -inon'i'iij iA.iii i iiu 

lo!i i‘i ii Si onuicii u’t-.i'f i( ioiU i iis d/( . or : 

h'iiis ioii of srroi'yyiff t-:i,,L‘s ii' tlit-ir hiiii:.; oiidicr as evi<lom'0 of vcnuiiio-U'.: 

U'as aopwii itiMi j ;j 1 .(ill Djisy. il aoiowoi 1 liy I 'lal fi<)L a .siiigio uains! oj’ . / 

AVita liHiiid am] iioi' a, .-.iupio .s-pocia.tui iti' Ousiy ^^■as i'oiim! jo ."ontuiii r»yys oi' 
Jarv/z-uf .sptM'io.s ovuti iiioii,u[i ;-:po>‘iint‘ii.s (4‘ fiinip from u.-u-h aninia,] vrort*. tAKainiiiod 
fo'iuiarly throayiioul- liie pi-rioti. 

ruo i‘(‘spo!i.s(i slmuii liy lt)(‘ aiiinuiLs surforiiiy from jiarasil ism. jsarrif uhirly 
wtii .•'I loiius io^i.s. I.-' v.oi-tliy of .-riroution. Ir. w.!,;. luovov<m. ma fiossilOt' lo -:i\o 
many f)!" iliosc utn'imtis Irorn'cloaHi .siiim' in all I host*. IIhh pitrasi'rii' iio't'friuri 

was so ad\ aii.‘Oii ;o; h> caust* eAlmusi ioD. iowpi-of'l viiaiiiy. ioiaomia oh'-, i'lrery 
aiiiiijid iiiar \vjm irc.alod for -Mronpyio.s wil h copper snipii.-iro and tluii <llc‘j ■-nlf',e- 
((uciitjy wiiiun a, f.'w o.-iyi- of li-» iitiiienr. had no ■.voL'insa.t iiH iu tlio Idurlii so'mim'h : 
in a few rasi's when tim oeriixj iH'lwetin 1 he t tVfi.( men! ami Jcjiih w:is s'h(*r!. lo-^i- 
nmrrtim exiomnai ion i-oveii!ed eii her doswi or !hsinh\ui';il'ei! worm.'- in. iiie foiirih 
sl.omiieh (iit one ease j-hi'y were I'onmi jiist at llie i omnienceinei..f- of He.* tiuodenum ) ; 
whmvasiii e\'e,ry case iha.< Vv.us iioi !rea.re,i, mun.-ioiia were diseo^^'l•e^l in 

the loiirrfi srontaeh limine iiuii.jise :jml iht'\’ were itieiiiiiied a.s M iris’ ‘ u' ii' i 
il),p!(i!tis or ll>irii'iniifh‘>s (‘tiuforltis. h’ohr oi' !ln seeeti aiiimaJs tiiai dit'd ai'fer 1 lit' 
am iml commenceme.it of the expc.rimen! on i Any ltd!. >iiml mnriy fhirine fhc 
t'.xpenmeiua! ])erioo', ."i-mii ahont llie fouriii ioi-i.sth wetd-:. Kxee])1 in one in 
wliicii I liei'i* w'ere a eood numKor of //nfi.u/oae/t.as (‘Ointn'l ua (ihLs was an umrealed 
case m (ii'on.p .\). no woiui.-i -were cncoiinicre'd at the time of the ])0'i -rnovl t'P:: 
mvamimii toil in the oiher ihr;‘t‘. The detUiis in i hese c.'ises ar'‘. c.mi.sit.Iert'd io la- 
(iiie io till* ai'it'r ei'l't'ct;; of :u s'onuyle infe.'i ion eoiijiied w'iih (lie. -pom- amirmic ami 
c.Yltaii.sicd ooiidit ion oi' i he-o tmimais at ihe fiocitmitic of the (‘Xpt'.riimmi . That 
'pttrasilimti is 'p;i,r! i-.-nhiriy ha.rmful in t he ettrly :i,ee of an anima,l is afyiin proved 
l>y iliese iiiidim..s ; in tnldiilon. ii inis to itn strt'-'sed t'intr. treatment, to ho efi‘rrri\ <> 
au.aiiisi p.ir.-isii i.sni. imisi he uiideriakmi hi the e.irly stages oi' i ho animahh lile. /'a.. 
,he!'o,re.'ii;- is a yeur old. . ^ 
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.In all iliu groups ex(:*o])i. l:lic llrsl;. wJju-'ii was lelY. uinroaUid. as a rout I'o!, Ircal iixail. 
for VN’oi'ius was re.poal'od every three weehs ror tlie first t-wo mouths aud allea warils 
ON'ory two moiitlis. 

id)v the iir.st four iiioiitiis, only one per eeiit soiiilirm of (-upiHU’ sulpiiate iti 
(loses of J 00 (r.c. was given and was fVaiud to he cirecaavc iu tht^ r('i»to\'al ol stoiuach 
uau'jus. Later oil. eopfier sulphate in eomhi nation, vvii'-linie.otine sulphate snus gn'eii 
inthe Jollowiiig iiicroasiug doses, the mterval between tu'eatmeuls iMung tw(.( mouths. 


On 


Copper .sulpliato . 
Ni(3ijtiiie sulplia-te 

Aqua ad. . . 

M. n. mi.st. 

yii^/oiu,! ouMui! k) each (jail: 

, giu. !(')•.■> 

, e.o. U-U 


Oh 2:}.ll.lS)4.t 


( 'upri siilphii.s , 

Xicdfino ,«ulpliiU.<; 

\qUil lul. . 

M. Kt. niisi,. 

Sig/cuo au'l (( liidf oiinci' lo f'lich calf 

. gm, 

. f.c. liUl 

, (./. gl-.i 


AVo^h JU-MIM.-, „wh-,mv/s 


Cujiri sulptifis 

Xic(jliuc sulptaito 
Aqua iul. 

^L l)’t. mi«t. 

8i"/t.l]ree ouuocs to eacli 

. .<nu. :feu 
. (ue. n-u 

. 07 ,. IHVU 


(rroup A ((,'ontrol groii j)) 

All t he animals iu tin’s group, wit.hoiil (ov(‘e])tioii. lost or gained weight, (h'/peiidiug 
on the aiVaJlaiiility of’ green grass in tlie gra.zing laud. 

'.rhri'e animals in this group dital during the course ftl" tla^ (‘.vpi'riiueiii . one due. 
to liaemoneliosis. In auol hoi- the clinical .symptoms and post-mort(,*iu a'jipcaranccs 
Avt'ro indicative of parasitic gastritis and the dung ta.Iom heroro. death and at posl- 
.moflem e.vamiiiation i-ov-eahal eggh or.strougyles luii no woims w('rc round. !>eafh 
in rJie Ord ea.se uais due lo inee.i)a.iii(.*a,) Irronehitis. 

h’l'om llu'. gciiei'al a.ppeai-uJi('es of the animals, tiie, piist-iiiortem Hndiitgs. as 
well as Irnni the stafcnuml of daily vieigld.s rt'ooi-deal. it may lie ohst^i'ved ilial 1 he 
amiuals in this groiqi wore not any more lau-hward than (hose iu tjioup L, idliioug.h 
the latter group was suhjee.to.d to periodical dfwoi'ming. 

(kuup: B : 

lliis group dill'cred from Uroiqi A iu that the animals iu it W(‘ic dcwtuincd 

])criodicaliy, while in the previous one thi'.y wci-e not Ireated at ail. 
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Table I 

.shoiri.itq !}«> tm'raijc lirr wrif/lils with permif<i(f(‘s of incrcuHo crarq /nnuflt 
oj IIh‘ dijftrrd (p'oupx of auiinaiyi in the HcJonno for the itihprownienl (f raffle In. 
Malahar and Hoath Kanara {Mudraa Proinn.ee} f(>r (he -pia-uid froin I Map IdPl to 
iil Deeemher 194d 


ffroHij 

" M;)V' 
T.li'l 

.) line 
li) il 

.iul.v 

n.ui 

Aiiunsl 

Seiiii, ru- 
ber : 
101-1 

Uf-tober 

10-il 

Xoveni- 

1914 

Decoiu- 

. . ber 
lf)-U 

Jaiui- 

1045 

l+ebru- 
! ury 

1 

1015 

•A d) ^ 

(2) 

m 

■'.dh.. 

. (T.) 

(«) 

. -(7) ■ 

■ ' (S) ■ ■ 

■ (0) 

(10) 

'(ll)', 

92) - ] 

■ 'A 1 

sr--i 

Sl-ti ' 

81-6 : 

92-fl 

■ 105-C 

^ 117-2 I 

130-5] 

138-0 

142-7 

] 145-0 

U5--i 

:i 


-l-O'ii 

-|-r!-T 

+6-S 

■ -hlSl-r' 

■ +11-0 ; 

■ .+11-3.] 

+0-2 

+ 3-0:. 

■]+2-2 

- —001.' 

:ii 1 

7tl-5' 

ro-i; 


■ oi-d 

101-2 

110-0 

I2i»-S 

137-S 

141-3 

142-0 

- ' ■: 141-0 ■ 

2 



+■!■;: 

+ 10-7 


: +11-0 

-‘•11 -0 

. +0-3 
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I. Aft II. (I A\i‘!uins (iiviM'ii'.'c* lov llio -roup). _ 

U. AvM’fi'ic iiirn.*u.''p !ur 1 ht" L*Tf»iip ]it*rreuiaj^e itver previous luonili’s 


.Fi.'oiu ! ho iabio. orsmiiininy of wei^'lits {Tabic I) jukI froiu the general a'])|>ea.i’a.i'ico. 
the [)i‘o,ni‘oss of this gruu]) is more or less similar to (.4roup A, and worm iiLo.ction 
does nof scann io have, materially afreeled tlie growth rate or condition of aiumals, 
'The explanalion lor (his may lai that since all the animals had attained the agv. of 
about on(! year at the time ihc <nrpcaTm,ent was started, they had perhaps de\'ejope(I 
a ('.misiitutimi tliat could iiol be markedly upset ])y any worm-inicci ion. .Mad 
th(' aniiuals Ikmmi as young as three to six months, treatnieiit ol the infoc.ted (jiies 
might have had a pronounced eftect as against the untreated ones. 


■I)i IKVlvSTlW.V'IIONfi liXTO (lAUb-liJli 01;’ (iHNl*. JJl';Tl':iUI.OUAi’l'UN 01'’ L'A'm.K XiX. Pjll't i- 

In lilis two died allowing' cliiiioal HViiiptoms and jXKd.-niot'lon! 

ap[)Oi!,!-;iiicf‘s; of si rongyle iulcdioii. Tlie deadlis caii lav al'la'iliiited to tlio al l in; 
oflocts of piii'asiii.sin and so t.voatmciit (‘oidti not sa.ve llnvse animals. To add In il. 
Hhmo wvro I li(^ [‘hcI'oi's of lark oi‘ pasture and inaJuiit rition lo rta-kon. 

(jroup C 

ddiis gfoii]) diiTorod IVom Clronp B in lliat it was gix'on. in addiiion. 'ii’ink’d 
d<iM‘sora mineral niixtiuv. aiu! ooimiioji .salt as siiowii la'lbro. T'hoiigli iln' incnaise 
in i1i,c ]iv<* wf-iglils (viilc 'Fable; 1) and sbaiik nniasui'enumts {luilo Faiih' II) uoro 
a liitln move in. Ibis group t'lian. in the proviuus ones, the nvsuRs achieved, are noi 
vevv signi;t:ica,nt. 

T.AB.LK n 

Shiti'iiirnl flu', tilmtil' wf'aitvmuf'Vlty (H'ii'fli) »'iflf pi't’crp/fUjc.'! itj ipcn '■ rr.r.>,‘ 

)tioiitli of llif' (llfjen'iff iirunp.s of mriinffla la fix' .);cfhua<' for fix' na /irorxiiirnf oj 
(xt/ih' ia Malfihdr and Soufh Kaiiara {Mf(d.ra.s Promacf) for fix: period Jroix. / 
j]!ai/ IU41 fo SI Drrexdicr lUiS 
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Marcli, 191<»j 


M. g. itAJENDRAN 


(>5 


'rii(‘i'(‘ Wiis otio (loath ill this group, diiriug tiio perioiL suspcotod to ho due to 
Ihilx'.siosis (‘oni|iiio;itod witli jUKuitiioiiiu. 

(ft'ollj) I) 

'Phis group \oa.s fed t-ho ration alrtuidy shown, from tlic lioginiiing of tiio oxpori- 
luonl unlii tlio middlt' of August 1915. when it was slightly tillorod on tho advice 
of I Ih' Animal .Nutrition ( 'oininit ti'O of the indian Council of Agruadtuial Ilesoarch. 
This altoj'od dint ounsistod of a ('oncorit,rate mixture made u() of 7 Jh. each of gnvimd- 
nut cake, cotton seed and ram ])i*an and was distriinifed to each of tlie i i animals 
in the gToiijt on the hasis (»f its live weight, hifiark liver oil. mineral mixtuni and 
sail were eontimual to ix; added to the ration in doses origiii.-dly ]>roposed. 

'Phat this group respcuided to the improved raiioi> gi^'en eosdd Ix^ s(>on from 
the gemu'a! ajpx.'a ranee, the glossiness of the coat, siine and vigour of the animals 
as compaaxxl with (hose of the oihei; groups. The rate of increase of iiv(' wxughr. 
and .^Inudc tmmsiiremeni.s wore also greater {n'lJt’ Tallies I (1). Maturity as 
eviihmced hy se.vmd desiin was noticoil earlier in this group than in any otlier. 
I'lu're was only one deatfi in this group due to strongyie irdection at th(( heginning 
of (In' exjxu'imcnt . 

Economics 


The actual a,vora.gv cost ol“ ftK^diug one animal in (‘ach group is given below : — 
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Ftif otic flay 

-Kor the 
wide petIoi.l 
of (i(J2 daya 


Bfi. a. ],. 

:■ Hst. -a. ly ' 

\ . 

0 e i 

!m) 1! .') 

(.ti:vnn.i .B . 

0 .o ''c 1 

; iso it o 

Ctro'up (,! . 

0 .1 .2 

to-i 1.3 n 

yroiip 1) . . . . 

0 S U 1 

j 

B(}2 0 o; 


'i'he. straw included iu the rations laid down, was itiorj* than wdiaf the anitnals 
‘‘<mld consimift. 1'he i-ost of t he ra.iions would also he much less in iioruial times, 

'PliC i-ost of rrtmi ing one amimal ar a time ior stonmeh wuntis irith coppiu- sulphate 
and ni<‘oi ine sidphat e works our to two f,>ies, 

( 'fitriildliiih (>f livr ijf (lit hiMil.s from the }i)(‘as‘in‘ynn'i,t.s of Icnijlii oud <p'rlh 

'Pli(! \'ery hii'gc ainouni of data of nxuisurements amd act u.al weights of nuj/'c 
than It) animals for oviu' JO months (the weights were uoied daily a.nd 1 he- 
measiireimmts once a month) has Ixvm utilised to tiud out, the. accnracy of the live 
tA'tviglils {■alciilated from tlie formula. 


OG iMVM^TI'iA'nOXK TKTO CAl'.SEH OP OEN'L. nWI’Et: luRA'IlON' OP (f.VTTIaR [Voi. XiX. l\ 


L-.ll- 

whon W is t'Jxi iivo wfoVlit io ])oiiii(ls. L is I’lu! (>(' I'iir 

30(1 

IVuro l'Iic ]>oiiit ofs'liouldor to t.'lio point ofl'lio fmitooks in ini'lsis. li is itis he;!!'! -,L’iii ii 
(:>r tlie aiiirrial iri, 

Tlio woights <ia'l(Mi]!i,l.ti(! froiri f.lio loeasurooionts (lont'tl) atul .uirtfi) and ai'iii.-il 
live uoifi’lits tvoonlofl {!iifin«u rnoni’li. were a vora^'ot!. Tin*, i-.ooniciinit- of (‘orn'lal i(tn 
hotwen ilio ad.iia.l and calrailalad woi.uhtH worn wodvod out tnoni tiwisa. 

Tlie- valuos of coBtlicionts siiow I'hai t'ho comdatiou is (airiy hh.;’Ii. osj^ocialiy 
so. as tlio ag(', ol' ttic (-a, Ives advanced. It woidd, t iienifoi'e. a]j])ea!‘ iliat for ad 
■jwaetieal })ui-]toses the live weight of the auiniais. when no weinlniig ioachiiie. is 
availal)le. may h<^ eahadarted by this fonnula. 

SUMILMIY 

The. calfle of the West doast of the .Vladi'as Ih-esideiiey (.\iahdtar and Nmilii 
Kanara) are small and sinnted in growth and e.ows ar<‘. poor milher.s. 

Tin's arlirle deals with a luitritionul experinamt. eon<lin't(‘({ lo study l he raiise 
or causes ofsjnall and striieted growt h of cattle a.iid ! he.ir poor /nilk-yielil in Patt and>i 
(Malabar), whore the rahda.ll is heavy and the, soil is lat<*ril(( in muniv, aiid known 
to be (letieient in caloimn and phosphorous. 

The ex] Kiri ment. was (amd noted with four groups <it'otn' year old loraliv itretl bull 
calves, A. B. C aiifl 1.), ca,<*h gi'oup e.oiisistiii.g of Ig animaJs. tlronp \ (the. eoiitroi 
groti])) W'as fed on rice coiijar., })addy straw and a litlh* eotnmoti salt.. t!rou{> li 
received (he same ration as alxjve but was dinvojaiied periodiratly, (Jronp ( ' l■e<•e.iVl^d 
the some treatment as Group B but was given, inioldition, graded dttses of mineral 
mixture and .salt. Grou]) 1) was fed on a Italaneed ration consist iiig ofeoiloii .seed, 
grounfhmt cake, rice ])ran. mineral mixtung .shark liver oil and .snlt and was also 
dewormed periodically. The anitnals wore kept nndtir <fbservation and led on 
these rations for a period of months. 

The greatest trouble eneoiintered was de.a,th aniong y(nmg eah'vs below or 
nearly one year oi' ag’o due to strongylosis. 

Treatment with eo'ppei* sulphate alone or in coml)iiial ion with nhsuino sid[»li:ite 
w'aa found to be effec'tdve. 

Tlie, animals in Gron]) A Avere not any more backward than fhttse I,i Gronp B 
although the hitter \vei‘e. ])e.rio(]i(‘aIly devvorined .showing perha,p,s, that with advanced 
age, resi.slaiice to the. bad eflVads of in'lmint.lde infeetion alsft inocva.ses. 

Bice, gruel in (piuntities give.n in combi na,t ion with p;uldy straw wa.s in.-nhspiaie 
for gi’itwing cah'es. Better residis wtu'o olnained when f.lic .same r.itiop, uas supple 
nuMited with green grass, 

Tlie rate of groAvth of tlie niiinials became h'ss and less as tin* age adv.mced,. 
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The feeding of large dosew of mineml mixture, and. salt did i^ot .^igiiiffeantly 
i!Uj>row the conditio, n. of the aiiimais and it is- not known wiiether the iiiade(juat.e 
ration or tlio jack of vitamins A and B or both were re>s|)OMsi!>,le for this. 

better i'esiilts \ver<‘. ohtfuued when an improved hahuiced rjttion was given as 
for (froup ,D. 
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TEMPEEATURE CORRECTIONS FOR THE LACTOMETER : 
READING OF THE MILK OF INDIAN COWS AND BUFFALOES 
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Eesearoli Institute, Bangalore 

(Received for pxiblication on 31 March 194:7) 

(With one text figure) 

i N tlie routine testing of milk, tke determination of tlio lactometer reading is an 
essential preliminary test. Seasonal and individual variations in the composition 
of milk are large, but the herd milk has a comparatively small range in that respect. 
It is, therefore, not easy to adulterate milk with water to any considerable extent 
and at the same time keep it within the standard lactometer reading. The simplicity 
of the test, the cheapness of the equipment required, and tlie narrow range within 
which the values fail for genuine milk, render the test quite useful in determining 
tlie genuineness of milk. 

Ordinarily, to determine the correct specific gravity, the temperature of the 
milk sample is raised or lowered, as the case may be, to 60°F., before the correct 
lactometer reading can be taken. This adjustment of temperature is all the more 
necessary if the sample is below 50°F, or above 70“F. Within this narrow range 
of 50°to70®F, fairly acc\u’ate values for specific gravity, can be obtained by taking 
the lactometer reading at the temperature of observation of the sample and then 
applying the correction factor from the Tables prepared by either Vieth [1885] or 
Eichmond [1899], These Tables are widely, used for finding out the specific gravity 
of milk at 60°F. .from the lactometer reading taken at some other temperature. The 
total solids may then be calculated .fimn the specific gravity and also the precentage 
of Iht in the milk. Tlie temperature corrections in. these Tables, however, range 
only from 40 to 75“F. and from 40 to 80°F. respectively. The British Standards 
Institution [1937] has published a coiTection Table, but even this extends only upto 
86-0“F. Hence their use is rather limited in a tropical country like India, where the 
maximum temperature is seldom below 80®F. for the major part of the year. 
Wright [1913] extended Vieth’s Table with a view to make it applicable to lacto- 
meter readings taken betiveen 4-0°F. and 80°F. Hutchinson [1940] extended 
Eichmond’s Table to 90°F. But even these extended Tables do not meet tbe require- 
ments of countries like Lidia. It is difficult to cool milk samples to GO'^F. for specific 
gravity determinations wlien tlie room temperature is 100°F. or above, as it is, in 
certain seasons. Facilities for cooling milk are seldom availalile in .rural areas. 
It has, therefore; become net’cssiiry to resort to the method of taking the lactometer 
reading at whatever temperature the milk is received and then applying a correction 
for the difierenc'c in temperatures. The conditiouB under which this jjind of test 
is required to be. carried out demand that the correction Table should be so wide as 
t;o cover tlie, range of temperatures usually met with in the tropics. 
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TlnK paper, tliereforo, deals with the re, suits of investigations (Mrihs! out, to 
achieve the aibovc ol)je<‘t, as also with a study of the en’eet oj’ fa.t eont.e.iit, and varia- 
tion in. teniperature on the specific gravity of luillv:. It is a well known fact, that 
a, rise in temperature decreases the specific gravity of a milk saniph^ and a fall in 
teinpernture increases its specific gravity. Secondly, solids not fat, inC'roa„s(\ tlu^ 
specific gravity, whereas the fat decreases it. Vieth and others have studiijd i,he 
variation of specific gravity mainly with reference to temperature o.nly. .Porliaps 
they have assumed either that fat and solids not fat in milk are almost the same 
universally or that they vary only within a very narrow range as in the We, stern conn- 
iries. In India, however, cow milk shows a wide variation in fat percentage (usually 
!Vom 3 to 6 ptr cent), and in biiflfalo milk a fat percentage as high as 8 p<5r cenf', is not 
very uncommon. This makes the study of the problem all the more complicated. 


Experimental. 

Effect of fat a7id temperature on the correclim of laclotnetvr readinf/ 

Samples of milk were taken from the dairy herd at the Insthuttn ah ■hfio A.M. 
and kept under refrigeration at 40"F. till 8-30 A.M. to avoid Recknagel plionomenon. 
P’a'fc percentage was determined by the (lerber method. The milk samples were 
then toned tc> various lower fat percentages with ,s<3para,iud milk wlii(di usually 
(iontained less than 0*1 per cent of fat. Separated cow milk wa.s used for toning 
f.ow milk and buffalo milk for buffalo milk. 

Generally 200 ml, of the toned milk were taken in a, 250 ml. conical ilask. After 
cooling or warming it to the desired temperature it was mixed thoroughly by slow 
■rotation, taking care that no air bubbles -were incorporated due to violent, .shaking. 
The milk was then poured into a 250 ml, measuring cyliiid.or, tlm lac.tometer dipped 
upto its entire scale. lengt,h and then left free. When the lactometer came to rest 
the reading was taken at the top of the meuiscu.s, an arldition of 0‘2 being made 
to the reading to make up for the error due to meni,scus, Bhnultaueoualy with the 
noting of the lactometer reading the temperature also wa.s noted, with a fckihrenheit 
thermometer. 

Of the lactometers available in tlie laboratory, Gerber’s thermolacto-dcnsimofcer, 
graduated from 20 to 40 3vith a sensitivity of 0*5 and. having an attached thermo- 
meter ranging from O'’ to 40°C., was the only one found to record the same specific 
gravity as determined by a s]3ecific gravity bottle or pyknometer. Another advant- 
age of this lactometer was that its scale divisions wtjre wed a,])ai‘t. A,s, however, 
the attached, thermometer was gradiiate{i in degrees Cl a»id as it took oo.n.siflo.rabh» 
time to record the temperature when it was rising or falling, a .separate Fahrenheit 
thermometer was used for noting the temperature of tlic milk. 

Having taken the lactometer reading at 00”F. the temperature of th.e milk 
.SiLinple M'as gradually raised to G0°F. by pouring the milk back intt) the coni<*al 
flask and heating it on a water bath. Again the lactometer reading wa.s takmr us 
I'.efore. These readings were repeated at' interval of 10°F., from 5(.)''F. to IKVdA 
henover the tern])eTatm'e. had to be brought down it was done by c.ooling the 
sample in ice. After finishing one reading the measuring cylinder and the lactonuder 
were washed and drained completely before another reading wa.s made, 
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Four dozens of samples each of cow and buffalo milk were studied, as descrilied 
a])ove. Both types of milk are considered together in tliis pa])er. The mean of 
tlie results of the variations in the specific gravity with fat and temperature obtained, 
is given below in Table 1. All these results were tabulated and the difference in 
the lactometer reading from that at 60°F. was calculated tor every temperature of 
observation. These differences in lactometer readings always exceeded the correc- 
tion factors given by Richmond. 


Tabld I 


Fat pea' cent 

Temperature in 
degrees 
Fahrenlie-it 

Difference of 
lactometer 
reading from 
that at 
60°F. 

Fat per cent 

Temperature in 
degrees 
Fahrenheit 

Dill’erence of 
lactometer 
reading from 
1;.hat at 

60“F. 


,50 

— 




0*0 

70 

1-2 


100 

7<0 

( 

80 

2-5 


no 

9-5 


90 

4-3 

3‘0 

60 

1-3 


100 

64 


70 

,1*5 


no 

8-4 


80 

3-2 


50 



100 

7-2 

1*0 

70 i 

. 14 


no 

9-5 


SO 

' 2-8 

4-0 

•50 ^ 

1*5 


90 

4-5 


70 

1-5' ' 


100 

6-7 


so 

34 


110 

9-2 


90 

^ • 6-3 ■ ■ 


50 

_ 


100 

7'6„. 

2*0 

70 

1-4 


no 

SV8 


SO 

2-9 


— 

, ' ^ f;.. 


90 

4-7 


- 

- ■' 


From Table I, it "will be seen that the higher the fiit percentage, the higher the 
variation of the specific gravity, with increase of temperature. A.s the milk^from 
the Indian cows and buffaloes has a high and variable fat percentage this factor 
assumes great importance. It is, therefore, to be expected that Richmond’s Correction 
Table would not give the exact correction factors under conditions such as are pre- 
vailing in India. Tliis obviously makes the preparation of a fresh correction tal'le, 
covering both the temperature ranges and the fat percentage usually met with 
in India, very necessary. The temj^erature range for tlic Table in question was 
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fixed from 50°F, to IKPF. The fat percentage was :(jxed at os ifn*. .miniinuni, 
since no genuine milk sample is ordinai'ily IjcIow tins figure in, higher 

limit of fit was fixed at 8 as ordinarily the fat '])ei’<!tmtag(* <lo(^s not exer'ed this. 

Preparation ojtlie Corrertion Table 

One hundred and seventy-five sanipleis covering a ra.ngi^ of Ihi) to 8'h pe-r 
fat wore studied. Those included approximately equal nuinb(;i’S of both cow and 
bufalo milk samples. The teinperature range adopted was bO^F. to L10'’F. wiik 
readings at intervals of lO'^F. The difference in lactometer reading at ('.anli 
pcratiire interval from the lactometer reading at CO^F. was thus experimeutally 
obtained for each fat percentage. ' ^ ^ ^ ^ 

These results were all grouped according to the fat percentage and tlie mean 
of all the values was taken in eacli case as the average difleu’encc of lactoim'.ter reading 
from the lactometer reading at 60°F. at the pfirticular tem])e.ratuTe and”for that 
particular fat piMTonlage. iliese mean diflei’cnc;<‘S for oacdi faf, jierceutago atjbO'h 
70°, 80°, 90°, 100°, and U0°F. were plotted and prcsenf:ed in Fig, L This graph was 
utilized for })reparing Talile .T1 for correcting tin? lactometoi* ivadiug taken at any 
temperature, between 50°.F. and n0°F. for milk samph's witli fut |)crcentag(i ranging 
from 3 to 8. 

Table J.1 


Table for eorrexiimj Laciuinder rcadimj to 


Temporature in dcgreca, 
Fahronlioit 

Beriicutago of fat observed 

3 

4 

S 

ti 


1 - 




OoiToefcioiis to oorre 

'tiJ, L.R. t:t.> (; 

;o”F. 


SO' 


1-3 

hfi 

l-f. 

!•(} 

1-9 

2-0 

SI 


1-2 

1-3 

1.-4 

i-l 

1-7 

1-8 

52 


■ l-O 

■ 1.2 

1-3 

1-3 

l-S 

1-fi 

ss* 


0-0 

1-0 

M 

M 

1-3 

i-4 

54 

►To be snhtracterl from 

0'8 

0-9 

1-0 

1-0 

1-1 

1-2 

; 

theL.R. j 

0-7 

0-8 

0-8 

0-8 

0-9 

I-O 

■SCt 


0-5 

'0*6 

0-7 

0-7 

0-8 

0-8 

B7 


0'4 

" 0-5 , 

0-5 

0-S 

. 0-G 

0-0 

58 


0-3 

0-3 

' 0-3 

0-3 

0-4 

■: '0-4 ■ 

fi9_ 


0-1 

0-2 

0-2 

0-2 

0-2 

0-2 

60 
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Table II--- co?M. 


Table for correcldnrj Lactometer readhuf to ^(9° F, 


Toinporatui’o in dogi'oes 
Farenheiti 

Percentage of fat obaorved 

3 

■ 4 . 

, ■ . 5 

6 

7 

8 



Corrections to correct L.Pw to 60=F. 


61 


01 

0-1 

0-2 

0-2 

0-2 

0-2 

62 


0-3 

0*3 

0-4 

0-4 

0-4 

04 

63 


0.5 

0-5 

0-6 

045 

0-6 

0-6 

64 


0*6 

0-6 

0*8 

0-S 

0-S 

0-8 

0”) 


0-7 

0-7 

1-0 

1*0 

1*0 

1-0 

66 


0-9 

0-9 

1*2 

1-2 

1*2 

1-2 

67 


l-'l 

1-1 

1*4 

1*4 

1-5 

1*5 

6S 


1-2 

1-2 

1-5 

1*6 

1-6 

1*6 

09 


1-4 

1-4 

1-7 

1-7 

1-8 

1-8 

70 


1-5 

1-5 

1-9 

1*9 

2-0 

2-0 ■ 

71 


1-7 

1-7 

2-1 

2-1 

2-2 

. 2*2 

73 


1-9 

1-9 

2-3 

2-3 

2-4 

2*4 

73 

'■I'o bo addcfl to the L.'R. 

2-0 

2-1 

2-5 

2-5 

2-6 

2-6 

74 


2-2 

2-3 

2-7 

' 2-7 

2-9 

2*9 

73 


2-3 

2-.5 

2-9 

2-9 

3-1 

3-1 

76 


2-5 

2-7 

3-1 

3-1 

3-3 

3-3 

77 


2.7 

2-9 

3-3 

3-3 

3-S 

3-S 

78 


2-9 

3-1 

3-5 

3-5 

3-7 

3-7 

79 


3-0 

3-2 

3-7 

3-7 

3-9 

3-9 

SO 


3-2 

' 3-4 

3-9 

3-9 

4-1 

4-1 

81 


3-4 

36 

4-1 

4-1 

4-8 

4-4 

82 


3-6 

3-S 

4-3 

4-3 

4-r> 

4-6 

S3 


3-8 

4-0 

4-r) 

4-fi 

4-7 

4-S 

S4 


4-0 

4-2 

4-7 

4-8 

4-9 

5-0 

85_ 


4-2 

4-4 

4-9 

5-0 

5-1 

5-2 
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Table II - cmiUl, 

Table for Gorreddng LadmnMer 

l^ereontage oriVvli olrfiivrY<Hl 

Tf-rnperature in do.greos ...... - 

Pareulieit I I I 


fVol. XIX. FiiH 


Con’ections to coiTcct L.i 


^To bo added to tbe L.R. 
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Lactometer readings were also taken witli each increase of 5°F. temperature, 
;md the differtuKte of the lactometer reading from that at (ICLF. was then plotted 
against the temperature. Idie points were found to be on the sanio eurv'e as witii 
an interval of KLF. Co^v and bufTtdo milks of the same fat percentage were studied 
and were found to behave similarly with regard to the change of lactometer reading 
with a j'ise in temperature. Further, cow and buffalo milks were mixed in various 
]')roportions and the change in lactometer reading in relation to temperature studied. 
Tliere again the samples were found to bodiave quite normally wdth regard to the 
correction factors, ililk samples having various acidities ranging from 0-11 to 
<3*20 per cent lactic acid were also studied in a similar way. It was found tliat 
acidity had no eifect on the lactometer readings and their con'ec-tions. 
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Fig.l. 

TeEIFICATION OP THE CORP.EOTION TABl iO 

The l.nri'cction Table was verified with cow and budalo milk-samples .selected 
at random. The correct lactometer reading at 60°F., one reading between 50°?’. 
aaid fJ0°F., and 2 or ?> readings at temperatures between C)0“F. and i[0°F. were taken 
for each sample. The actual difference between the lactometer readijiga at GO'^F. 
and other temjjeratures were thus determined and compared witli the readings 
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from the tabic foj' the correction of lactometer readingK. Ov(m- Kk) r('adit!,<,!:N weiu.* 
thus experimentally obtained; from samples taken at ramloni itielmiinM' cow ;ui(i 
buffalo milks and coveritii' the entio^. range of fat percentagt'S of tlie liahb' prs'iavreil. 
The summary of the reaiilts of this ATwification sliowed that 17*0 ])e)' ccnl, of the, 
results agreed, with corrections found in the p,repared table, 22*0 per cent (lilfered 
by iO-l ; 19-5 per cent differed by ±^*2 ; 15*0 per cent by +0*8 ; 7*0 pei' 
by iff’-' ; ff’ff cc.nt by iO'5 ; and only 10*5 per cent exceeded a difference of 
iO‘5. On the whole, 90*0 per cent of the samples tested agreed witliiu an ewor 
of iO'5. Since Bichmond’s Table extends only up to 80'’’F. and since ho has not 
mentioned the fat percentage of the milk, the correctio]! factors obtained by Tabb^ 
II can not be strictly compared with Richmond’s. However, for Jiiilk with 3 pei; 
cent fat, the correction .factor obtained by our table was found to b(^ much liiglier 
than that obtained by Richmond’s Table. 

Since ordinary lactometers arc graduatod, only in whole num))ers indicating 
only the third place decimal of the specific gravity (0*00 i), au error of one (hvp’e.e 
in the lactometer reading may be permitted without mueh serif)us inaeciira,cy in 
the specific gravity. If .such an error i.s permi.ssibli', all the vaJue.s taken for vej'ifying 
the new table agree with the Oorre.ction Tabl(> worloal oiii.. Sixfy-fi\'e ri^ading.s 
obtained from the milk of two Ayrshire cows and .IbO reatlings from tin* milk (jf 
half-breed cow.s were also found to agree with the new ta.blo jirepuired and now 
recommended us a result of this investigation. 


How TO USE THE NEW TaHLE (ZaL-KeLSIINAN TaULE) for TffE OORREOTIUN OF 
Lactometer Reaihno 

To obtain the correct lactometer reading at G0“.F. of any milk sample at an}' 
temperature between 50°F. and llO^F., the milk need not he heated or cooled. 
If the sample is to be examined directly after milking, sufficient time (at least 2 
hours) should be allowed, or proper pi'ecoutions taken to sec tliat the Recknagei 
phenomenon has ceased. The .sample sliould then be stirred well and tire iat 
percentage of a representative sample determined. The milk should then ).)e ])oiired 
into a suitable container (preferably a glass container), which should permit free 
floating of the Gerber’s therniolacto-densimeter, without touching either the bottom 
or the sides. Usually one qiiarf-cr of a pound of milk will suffice for this ]mr[)o.se, 
if a cylindrical vessel of suita],de diameter is a,vailabh!. The lactometer .should then 
be immersed to the full length of the graduated scale and set free so tha,t it freely 
moves up and down. When it comes to rest the reading should be note.d wiflioufc 
any error due to parallax. Sim ultaneously with the noting of the lactometer reading, 
the temperature of tlui sample sliould also be noted with a good Fahrenin.'it thermo- 
meter. The correction factor sliould then be read out from the tal)h‘. jigainst tlui 
observed temperature and fat percentage, and. added or subtracted fi'om the 
observed reading according to the observed temperature being aliove or ludow tjO’fl.f. 
In applying the correction factors the fat percentage may he c(irrected t,o the nearfist. 
whole, iiumher and the correction factor reari out fi-om” the re.spectiv<; column, 
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(o) A aew tnblc (Zal“Krislman) has been prepared f-'or tlm correetitm ihctoc'' 
of lactometer readings with va,riou.s temperatures and fat percentages of the milk 
of Indian cows and buffaloes. 

(b) The table provides correction factors for a temperature* range of from 50° F. 
tollO‘"F. 

(c) For- the accurate determination of the specific gra,vity of milk by this 
method it is essential that the fat percentage should he known. 
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mtm BTITDIES AND ARTIFICIAL INSESHNATION IN 
POULTRY 

My 1). [\ Mr^KiTEE.TER aiifl P. Bttattacharya, Indian- V'eterinary Rofiearcli Tn.^titiite, 
Izatnagar 

( Received for Publication on 17 July 1948 ) 

(With plate IV and one test, figure) 

A PTlFiriAL inseininaiion in poultry wa.s first attoinptod hy Ivanoff [1913]. 

iSinfo liis ]noneor work various techniques tor colic'ction of semen from cocks 
and for inseminating the liens have been tried by several workers abroad. Mowever, 
artifieini insemination in poultry has not assumed the satiie im{)oj‘tan(‘e that it lias in 
large farm animals. The reasons arc that most of the U’estern countries have 
already readied a. very high and nniform standard of excellence in poultry and 
production costs in poultry are nomimal as compared to tliosi* in large farm animals. 
Furthermore, there is no gi*eat scarcity of high c[uality codes for lu'iicding juirjioses. 
Also fertile pedigree eggs can be had easily. The life-cycle in these animals is very 
shoj’t a,nd huge flocks can be developed in ai)out a couple of years. 

in India the conditions are different. Poultry husbandry is yet in its infancy. 
The size of birds is small and their performances poot*. (lood birds are rare. By 
the introduction of artificial insemination, a large number of lien.s ran be bred from 
a few outstanding cocks. Also, it will nmiove the difficulty of physical incompa- 
tibility encountered in mating small sized liens with large sized cocks. To cany 
out a successful programme of breed iinpriivement by gvailing and other breeding 
practices information reguvding the characteristics of cock semen is needed. 

'I'he juesent experiment was uiidei-taken to determine the characteristics id’ 
semen of dc.s/ cocks and exotic birrls (W'hite Leghorns) naired in India. 

jM.VI’ERIAL 

The expfn-iniental material consisted of three one year old White Leghorns, 
an eipial luindier of dc.s-/ birds of the same age, ami 13 laying hens. Of the 13 hens 
si.x were White J.egborns and the remaining l{hod<‘ Island Reds. TJie birds were 
obtained from the poultry farm, Indian Ab‘terinary Resiairch Institute, Izatnagar. 
The hens were housed in a shed 14- fit. 3 in.',-' 11 ft. opening on one side into 
a run 18 ft. fi in. > 14 ft. The cooks were kept eontined in separate cages 
1 ft. 7.’, in. V I ft. 4.1 in. ft b in. throughout the experimental period, except at the 
time of semen collection, f'are svas taken that each cock received sufiiciont 
simliuht.. The birds Ycre ke])t on a balanced ration throughout the experimenl a J 
period. . . 

Methob 

(‘ollection of semen from cocks and insemination of turns were mad,t‘ according 
to the method of Burrows and Quinn [1935]. The semen is collected by massaging 
the soft ])ai-t of tlu' abdorneh below the iielvic' bones of a coekas sliown in Plate lAL 
ti<t.»j ami for inseminating the oviductal opening of Ihe hen is first exqmsed by 


Charactenstks oj semen f rod ucexl by dewi ami White Leghorn coclcs 
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Characteristics of semen jiroduced % d^i and White Leghorn each 



84 .SEMI'N STX;B,|I3,S An:D ABTEFlCrAL INSKJUNATIOJST CN I'OUrirKY [Vol. XIX, .Pitii- i, 
TAlJIiK 11 


Sif/riijh^ ht mmen oJiamHf-nfil'irs of iltr lim hr(‘Vii'^ 


Soiiici) ciliaraolt-risliiirt 

Mean of 
AVhite 
Leghorn 

Aleau of 

Dm 

breed 

Dilforeuco 
of the 
t\Yompan» 

(Siiunlanl 
erroi’ of 
the. mean 

t. Vivluf 

Volume in c.c. ... . . 

0-37 

0-20 

0-11 

0-025 


. 

G-6S6 

C)-S33 

0-147 

0-1034 

1-.1I 

Tuitial iiiotilily . . . . 

4'7 

4-57 i 

0-13 

0-152 

0-IS5 

Xo. of rt23(;nnafiizoa jic.r e.e. (in millions) 

' 3250 

2700 

' 550 

211 

2-0O(i* 

1’otal narahor of sjHa'niiitozoa ])(.!)• colleotion 

1237 

L ■ 773 

4i'4 

3H 


VcH'oonlago of ahnorinal spernutfeozoa 

1 3-02 

3-72 

U-lO 

0-25 

u-l 


Tai’.lr 11 r 


Ffirhlkittg unitlilij of pmdwrd hij Wkik. {.<‘;jlioni oml .'vfc/.v 


Coe.k No. and breed 

■Mated to lien Xu. 
and In-eed 

Total Nu. . 

0ft>ggS 1 

laid 1 

Total Xo. 
of fertil(' 

1 

IVrc-enta.ge 
ol'fei-tililv' , 

. . 1 

j A, 

! pei-eenlag.- 
nfiertility 


342 (R. 1) 



1 


004 ’White Legliom 

•1.24 (W. L) 

47' 

42 

.SO-3 


007 White Leghnrti ... . . 

742 (R.l) 

700 (W. L) 

42 

38 

85- 7 

S.S-73 


32S (R. 1) 





070 W'liite Leghorn 

340 (R. .1) 

71 

02 

87-2 1 



422 ( W. L) 





114 Dm . ■ , . . . : 

38,1 (AV. L) 

341 

5!) 

■■ -52 

88-14 ' 



603 (AV. L) 1 





158 .Dwi , , . . 

607 (B, I) 

' 110 

07 

83-5 

82-21 


358 {W. L) 





2320 /.>e, St . . ’ . 

V': 'h: -1 

630 (R. I) 

. 40 

30 

75-0 



AV. L~~AA4ute Leghorn 
B. I~-Bhod» Island Bed 
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11940J. A, ,.ej<ar,ls tlic- p.m-ntaKo „f al.n„r„mi 
. [ um, U>/(,a tliaro was m. wide vaniikon between tin, twu breeds. The me-ii, 
poK-eii .age III nlmiii'iiinl s|>ei'niatiiziBi, did net exceed inure than live iier cent fS ii.i'n 
xi.H .U.d W alien [l!bS9| also found that in male.s ol’ in-ored nom .il f ■ t 'lit ■ ' le 
abiioi-w,dltle.s or sperm were up to hTe percent. ' 

Burrows and Quinn ] IP37] olitained !«) por cent t'ertility in f)«-|.s bv inseminutiiK. 
O 10 he.ii per week with (i-l c.c. of good (pialitv semen, .ieffrep | Ifi-UI reported s" 
ina- ee« le.tdity n hens by inseminati.ii ones a week with tile siuiie lunnnnt U 
SI ( ms. thf reiore, t hat, percentage of fertility may rnrw from 83 1,0 i)i) per eeiil in Cowls 
li.vonenisemiiialion a week with (PI e.e, of good tiualitv of .semen. ' The I', .m 
of Jortilif.y ol.taiJiOf for itulivjrl.ua] birris us well as fur the two f.iveds were uJiliost 
h sairie us jejKult;.! in the al.ou' mtiitioiied waher^. The tiiireroru e iu neueiif.toes 
> u ihn us ioinjo 111 r/e6, and W lute Leohorn er.eks jiuiy not be due 1o tlu' diireieiice 
"1 tlP' I'^i-nuai (niulity ol the two hreeds. 'o. j.uu r 


heeiiVn'idiefL i^oolioriis and t/e.s/ bir,|.s hare 

Hj^nifieant vunalion wus found in volume, total munher of ,s]>erniutoy.r) 

t?''iV'T>nds M;,>etio\ 

.ds.im;.n:;np::;:;;t™::'" 

l.lie ■pei.vetitnge nf fertile eggs j^dd by birds inseminate<l witli semen from 
dost t‘ur-.ks was.S-.l a.ga.njst m those inseniinat,>d w.ith Wliite Leghorn’s ue'meit. 
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ABSTRACTS 

COCCIDIOSIS OF POULTEY. ‘ SULPHA ’ DRUGS OFFER NEW 
HOPE OF CONTROL 

Fisctel, W,G. (1946). NewmblamL J. Agri. 73, (6), 515-517 

T he aHtbox has found Sulphamezathine to be very useful for the treatment 
and control of every type of cocoidia affecting the poultry. Both forms of 
administration, i.e., in drinking water and with, the feed are equally effective but 
the former appears to be less wasteful and ensures the intake even if the appetite 
is impaired by the inflammatory condition of the intestines characteristic of coo- 
cidiosis. Saturated solution of the drug is, for example, prepared by dissolving 
0*6 gm. (or 8 grains) in hot water by constant stirring. For four-day treatment of 
hundred chicks of varying ages the proportionate requirement of the drug and water 


is as follows : 

Age 1-2 weeks . 


. 10 gm. 

in 2| gallons 

„ 2-3 „ 


. 12 gm. 

„ 3 „ 

„ 3-4 „ . 


. 18 gm. 


„ 4-6 „ 


. 24 gm. 

» 6 

„ 5-6 „ . , 


. 34 gm. 

„ 8| „ 


Fresh medicated water should be prepared daily in order to maintain the full 
strength and should be served in earthenware or glass vessel. 

When the drug is given in feed it is recommended to continue the treatment 
for one week. The drug in the powder form is mixed with the mash at the rate of 
I ounce to every 10 pound of dry mash. 

Birds recovering after treatment become immune to infection with the same 
type of coccidia. (H.8.) 

A Virus causing Abnormal Milk in Cattle 

Baker, J. A. and Little, E. B. (1946). Proe. 8oc. Exf. Biol, and Med., 33 (2), 406-407 

T he authors have reported the occurrence of an infection, in dairy cows near Prin- 
ceton, N. J., characterised by fever and the milk containing flakes composed 
of polynuclear and mononuclear cells. Most of the cases occurred in the later part 
of May and in June 1946. Guinea pigs, inoculated intraperitoneally with milk 
from natural cases, showed thermal reaction and recovered ; those killed during 
the febrile period revealed haemorrhages in the lungs, focal necrosis of the liver and 
slight enlargement of the mesenteric lymph nodes. Blood from the first and the 
sixth guinea pig passages was infective to calves and lactating cows. The agent 
was transferred to rabbits and mice by the intravenous and intraperitoneal routes 
respectively. The causal factor could also be cultivated on the ohorioaliantoio 
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membrane of the developing oltick. The authors demonstrated the presence of the 
agent after ten serial egg passages. No pathological change of the membrane was 
noticed during the course of such passages. 

Attempts to demonstrate the agent microscopically and culturally failed,^ In 
view of the above findings it was considered that the infection was due to a virus. 
■V (C,S.) 

THE AMOUNT OE DDT FOUND IN THE MILK OF COWS FOLL- 
OWING SPRAYING 

•Howell^ D. E,, Cave, H. W., Heller, V. G. and Gross, W. G. (1947) 
el. Dairy 8ci, 80, 717 

I N this article the authors have recorded their observations o® the amount and 
toxicity of DDT found in the milk of cows following the recommended and 
excessive spraying with the drug for the period beginning from .July 15 to August 30. 
Four equal lots, each comprising of two Jerseys and two Holstein dair}’ (’.ows, were 
employed in the experiment. The first lot was sprayed daily with 2 (juarts of 5 
per cent water suspensible DDT spray per animal and the second with a similar 
quantity of 6 per cent emulsion for the first four days and I })er cent fertile subse- 
quent period of the experiment to prevent tissue damage. Idic third and the last 
lots were sprayed individually on the same day every other week, the former with 
2 quarts of 0-25 per cent water suspensible powder and the latter witii 2 quarts of 
0*25 per cent emulsion. In addition to these animals one single cow was sprayed 
and sampled daily with 2 quarts of 6 per cent water suspensible DDT from August 10 
to August 30, to provide more comprehensive data of the elimination of DDT through 
the milk. It was found that milk samples collected from the experimental cows 
three and ten days after spraying contained no DDT ; but all samples collected on the 
seventeenth day after spraying was started wore positive for qualitative tests. 
The amount of DDT found in the milk as a result of quantitative tests ranged from 
slight traces to 33*6 parts per million. The milk of Jerseys generally contained 
more DDT than those of Holstcins. It was concluded that all animals tested ex- 
creted some DDT in the milk and those sprayed with excessive amounts continued 
to eliminate DDT until the end of their lactation period, 119 and 126 days after 
the last spraying but none after freshening. Biological tests to determine the toxi- 
city of the milk conducted on mice, mosquito larvae and flies proved to be negative. 
(T.A.) 

A TECHNIQUE FOR THE ISOLATION OF CO AGULASE -PRODUC- 
ING STAPHYLOCOCCI FROM MILK IN BOVINE MASTITIS 

Delia M. Velilla, Faber, M, S. J. E., Jr., Ph. D., and Pelczar, M. J., Jr., Ph, D., 
College Park, Maryland (1947). Am&r, J. vet. Res. 8, 275 

The authors have made a comparative study of Difoo phenol red, mannitol, salt 
* agar (PRMS), dehydrated (experimental) ; and Difeo Staphylococcus Medium 
110 (SM 110), dehydrated (experimental) in isolating pathogenic strains of Staphy- 
lococci from miUc, taking mainly coagulasc-production as the criterion of patho- 
genicity. Composition of the media is described. Plating was done by spreading 
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(M c,c. of milk, yu’eviously sliaken, on tKe medium surface by means of a sterile, 
bent glass rod. The inoculated plates of PBMS and SM 110 were incubated at 37°C 
for 36 and 48 hours respectively, and colonies were picked up on the basis of fer- 
mentation in tlie former and pigmentation in the latter* To determine the coagulase 
activity various methods using fresh, citrated, pooled rabbit blood and plasma were 
employed. Slide-clumping test was clone according to the technique of Cadness- 
Graves et al, and for tube coagulase tests the techniques described by Chapman 
■ and Chapm.an et al, were adopted. Observations have also been made regarding 
haemolytic activity on rabbit blood-agar plates. It has been shown by facts and 
figures that SM 1 10 is more efficient than PBMS, although none of the two is perfect, 
Of all the coagulase tests the slide-clumping test was found to be simple, reliable and 
cpiick, Lyophilized blood and plasma proved to be almost as good as fresh blood 
and plasma on repeating some of the observations with the former. It is further 
shown that coagulase production does not .show com})lete correlation with, either 
liaemolysis or pigment formation on SM 110. All the non-pigmented strains, how- 
ever, proved to be negative for haemolysis and coagulase production. The procedure 
recommended for the maximum recovery of coagulase producing Stphylcooci from 
milk includes the use of both the media with a final confirmation by slide-clumping 
■test. (O.S.) 

THP3 OPTIMUM STRUCTimE OF BIIEED.INO FLOCKS. 1. RATE 
OF GENETIC IMPROVEMENT UNDER DIFFERENT BREEDING 
. . . PLANS' 

Dempster, E.B, and Lerner, I.M., (1917). Genetics. 32, 555-66 

T he authors have studied the rates of gain in the production index of bird.s 
of various age distribution under three different breeding plans. They have 
stressed that the efficiency of the breeder’s operations depends on three factors : 
(a) the intensity of selection, (6) the accuracy of selection, and (c) the average interval 
between generations. In the plan designated as III, the first selection is made on 
two-year old hens, on the basis of the full records of themselves and their sisters, 
A year later, the second selection from the group thus chosen is made on the basis of 
their part progeny records. Finally, a third selection is made on the basis of the 
full records of the progeny at four years of age. In plans 1 and 11, the above pro- 
cedure is advanced by a year. Under both these plans, the first selection is made 
on the basis of individual and family records of birds which have been in production 
for about four .months. In plan I, the pullets rejected are not further considered. 
The second and third selections are similar to that under plan III except that they 
' occur one year earlier. In plan II, the pullets rejected on the basis of their part 
records are considered at two years of age when they and their sisters hay completed 
records, • 

As regards males, the first selection is made at one year of age, on the basis of 
the part records of sisters. At two years of age, the second selection from these 
males is based on the full records of the sisters as well as the part progeny records. 

The authors have shown that greater efficiency is obtained under plans I and II 
than the schemes under plan III. The use of breeding plans involving a high per- 
centage of pullets, not only leads to more rapid imprqvement but also result in a 
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15 to 18 females in each breeding pen. Any sires already proven superior by pre- 
vious progeny tests are recomrnended to be used continuously through the breeding 
season, in order to produce the maximum number of superior birds. 

In regard to breeding for viability in the fowl the authors endorse the old saying 
that the sire is more than half the flock, further males are more easily progeny-tested 
than females. When the mortality in the flock ranged from 37 to 53 per cent in 
the test period, the records of 86 sires each of which had 60 daughters or more, on- 
analysis, revealed that about 30 daughters were enough for testing the ability of a 
sire’s progeny to live. More daughters were, however, found necessary in the case- 
of the population with lower mortality. Familial differences in resistance to a 
specific disease (avian leucosis complex) were obvious when it killed 1 2*6 per cent 
of the population or more, but not when it killed only 8 per cent. As the numbers 
of daughters raised from single dams in one season are ^oo Small for differentiation 
of families the authors conclude that tests of dams are less reliable than those of 
sires. On the other hand the number of daughters necessary for egg laying trials 
is much less than tliat required for tests in regard to viability. Six daughters with 
completed records appeared adequate for tests of dams for ability to transmit egg 
laying qualities. (S.G.I.) 

THE EFFECT OF COBALT ON GROWTH AND CERTAIN BLOOD 
CONSTITUENTS OF SHEEP 

Pope, A. L , Phillips, P, H. and Bohsfcedt, G. B. (1947). J. Awi. Ssi. 6. (3) • 

I N 1944, the problem of low wool and lamb productions arose in Northern Wis- 
cousin. In the begiiiing it was considered to be a parasite problem complicated 
by anaemia and a decrease of vitamins A and C in. blood plasma. . The symptom.^ 
were weakness, emaciation, lowering of vitamins A and C and haemoglobin ccfntents. 
An internal parasitic infection was also noticed. The soil was sandy hence liable 
to mineral deficiency ; it was decided to find out effects of mineral trace elements 
mixed with salt. 

The authors divided the experimental animals (sheep) in two groups which 
were similar in general condition and body weight. Group I was fed on a ration 
consisting of iodine, manganese, copper and iron. Group II was given cobalt sul- 
phate in addition to the ration fed to animals of group I. Sheep of group I developed 
symptoms similar to those noticed in the dying sheep in the country aroimd, while 
the sheep of group II showed an increase in weight and haemoglobin content. 

Later oil, cobalt sulphate was added to the ration of group I and it w^as noticed 
that the sheep regained their appetite, and commenced feeding within three days, 
xifter four weeks oLfeeding they showed an increase in weight, in haemoglobin c;on- 
tent and in the concentration of vitamins A and C in the blood plasma. (K.O.) 

CONTENT AND DIGESTIBILITY OF MORNING AND EVENINa 
CUTTINGS OF ALFALFA 

Adolph, William H., Macdo.uald, H. A., Auilaii Yeh and Lofgreen G. P., August; 1917. 
J. Ani. Sci. 3, 6 

! N 1944, Curtis reported that alfalfa plots cut in the evening yield IQ ptu’cent iuo.re> 
of total dry matter than those cut in the morning. He suggested that lliu’® 
would be a distinct advantage in cutting all the forage crops in the after-noon rather 
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ORIGINAL ARTICLES 

DURATION OF IMMUNITY IN RINDERPEST 




By M. K. Sreenivasan, G.M.Y.O., Veterinary Officer, Indian Veterinary Research 
Institute, Miikteswar 

(Received for publication on 24 May 1948) 

N early half a century has passed since the demonstration of the protective 
value of serum -of recovered animals against rinderpest and various methods 
have been subsequenlty evolved for the active immunization; of cattle against 
rinderpest. Of all these the serum simultaneous s. s. method was in practice for 
a very long time and although some simpler and cheaper methods are available, 
some are in favour of the s. s. method even now. However the goat tissue vaccina- 
tion has replaced the s. s. method in many parts of India though serum is still used 
in large quantities either in conjunction with goat blood, goat tissue or bull virus 
when dealing with highly susceptible breeds of cattle and buffaloes. 

Though research work on rinderpest especially on the methods of immuniza- 
tion has been, carried out in various parts of the world and millions of animals are 
immunized every year with one or the other methods in vouge, the question regard- 
ing the nature and duration of the immunity produced is still a matter of contro- 
versy. Since goat virus came into use the question generally asked by workers 
in India is whether goat blood virus and the goat tissue vims give the same kind 
of immunity. 

Every one is unanimous in the view that an attack of rinderpest leaves a strong 
immunity in recoverd animals. Thus Hornby and Hall [1925] state that tbe so- 
lidity of rinderpest immunity is one of its most wonderful features. Daubney [1928] 
observes that formalinised vaccines prepared from spleen pulp confer a high grade 
active immunty upon inoculated animals. D’Costa and Singh [1938] have reported 
the duration of immunity in calves immunized by bull virus cmi serum method 
as four „years (the period tested). Hall [1933] states that notable feature of rinder- 
pest is the strong and lasting immunity which follows an attack and for all prac- 
tical purposes it can be considered that the immunity is life long. Naik [1938] 
tested two cattle and two buffaloes that were immunized with goat blood virus 
after five years with full virus and found them solidly immune. Banerji [1938] 
tested two cows and one bull which were immunized by serum simultaneous 
method using bull virus followed by a reinforcing dose of virus and found solid 
immunity and concludes that the animals immunized by s. s. method followed by a 
reinforcing dose of virus are liable to develop life long immunity. Khan [1938] 
and Lall [1945] report that after goat virus vaccination the resulting immunity 

lasts for 4 and 4| years respectively (the period tested). 

Another factor which requires elucidation is the relationship between the nature 
of reaction during the primary immunization such as severe, mild, and ^blocked- 
out ’ reactions to the resulting immunity. It is well-known that when the primary 
immunization produces severe or mild reactions the resulting immunity is strong 
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and lasting l)iit absence of reaction i.e. ‘ blocked -out ’ reaction (luring s.s. tueiliod 
of immimiktioii or vaccination with goat blood or tissue vacoin(3 is (hu^ t(f either 
an over dose of serum or the viru.s being so attenuated. In sueii cases, will the 
animal develop an immunity and if so what is the nature ol immunity ? On 
‘ blocked-out ’ reactions in rinderpest immunizations Carmicliixd [ P.)28| observes 
that the dose of serum above a certain minimum is immaterial except, from an 
economic point of view. From Uganda, Egypt, India and elsewliere it has boon 
reported that lasting immunity invariably followed even' if no temperature ixiaction 
was recorded provided the blood used in the inoculation was virulent. DaubiKsy 
[1935] states that ‘ blocked-out ’ reactors in s.s. method by using serum of high titre 
again become susceptible to infection as soon as serum immunity has disappeared. 
B’Costa and >Singh [3933] observe on the point wlicther the duration of immunity 
boars any rclatioiisliip to tlic degree of reaction that arises in tlio course of immuniza- 
tion, that a durable immunity can bo conhirred w'ithout the appearance’! of any 
appreciable symptoms provided the virus is capable of diffusing throughmit tlui 
body inspite of other factors. Cornell and Evans [1937] state thixt the so calked 
* blocked-out ’ reaction resulting from either vaccine followed l.iy virus or th<^ serum 
virus s.s. method cannot be relied upon to produce solid and perjnan<mt immunity^ 
They suggest that the cliSereiico between the bloclvod-out ronctions which I’csult in 
solid and pennanent immunity and tliose wldcli do not is that the xunis had e.stal)- 
lished itself and multiplied in the animals tissue in the former but failed to do so 
in the latter. Xair, Xilakantan Ayyer and Madhusudan [1939] state that the 
‘ blocked out ’ reactions do not in any way hamper the productiem of* immunity in 
buffalo calves. 

The plan of the experiments the results of which are tabulated in Table I was 
laid down about 1.931 by the then Director Sir F. Ware and the then Sorologist 
Mr. J. R. Haddow and the author had the opportunity to test the immunity at 
varying intervals. 

The result, s provide answers to many of the qiie.stions generally a.sk'cd regard- 
ing the duration and nature of irmnunity, when immunized with (i) bull virus and 
serum (ii) goat blood virus and sermn (iii) goat tissue virus alone and (iv) f:lu; dila- 
tion between the nature of reaction at the time of primary imniimization and tlie 
resulting immunity. 

All the animals showm in Table I, especially tlie hill bulls, were kept isolated 
in a hraal where iinimmiiniziid young stock from the cross-bred dairy were kept and 
there was no outbreak of rinderpest in the kraal or near about during the period of 
observation. There was no possibility of any chance contact wdth natural disoa.so 
and the long term immunity could not be due to an unrecognizfid reinfection at 
any time after the primary immunization. Many of the bulls were used either for 
the maintenance of the virus or for testing the serum and on being discontinued 
were kept i,so]ated for further tests. It is thus seen that when adult animals receive, 
a dose of potent virus with or without serum, irrespective of the reaction produced, 
they develop a strong immunity which for all practical purpose, s can be taken a !3 
life long. 


Details of 'primary immunization retest and ike duration of immunity against rinderpest 



Table I — GoMd:. 

Details of primufy immunization retest and the duration of imimmity against nnd,erpest 
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Flora tlie table it will be seen that of the 34 animals tested, six showed rather 
severe, 15 mild and 13 blocked-out reactions at the thne of primary im- 
niunization but all remained solidly immune when tested with a very strong bull 
viriis at varying intervals.* 

Summary 

The literature on the nature of immunity in rinderpest has been reviewed- 
Tlie tabl^ gives tlie details of primary immunization and the nature of reaction, the 
results of test and the duration of immunity. It also shows the age at primary 
immunization and when tested. Of the 34 animals 12 were immunized with 
goat blood virus alone, nine with goat blood virus and serum, two with goat tissue 
vaccine alone and 11 with bull vicus and serum. Of the 31- animals subjected 
to test,, four were tested after four years, five after five years, two after six years, 
twel ve after seven years, five after eight years, twra between 9-10 years, three between 
10-11 years and one at twelve years and aU remained solidly immune. The virus 
used for test was a cent per cent potent bull virus. The test results show that tlie 
nature of reaction during primary immunization has no relationship to the resulting 
immunity provided the virus used was po"tent and that the animals were beyond 
calfliood wdien immunized. 
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STUDIES ON PROTEIN METABOLISM 

III. AN IMPROVED TECHNIQUE TOR ESTIMA.Tma THE META- 
BOLIC EABCAL NITROGEN OP CATTLE 

By B. Mukher-tee and N. D. Kehar, Animal Hufcrition Section, Indian Veterinary 
Research Institute, Izatnagar • 

(Received for pablication on 6 April 1948) 

A MONG the methods which have been employed for estimating the biological 
value of proteins, the Thomas-Mitchell method [Mitchell, 1924] has been 
most extensively used. But, very few experiments have been conducted on cattle 
by following this procedure. Further, most of the published experiments on cattle 
may lie open to criticism liecause, the two pre-requisites viz., endogenous urinary 
nitrogen and metabolic faecal nitrogen (M.F.N.) of the experimental subjects were 
not accurately determined. A series of investigations were, tlierefore, undertaken 
at this laboratory with a view to evolve a simple procsdiire for the accurate estima- 
tion of these two essentials and for studying the factors which affect their value. 
The studies concerning endogenous nitrogen have already been published [Kehar, 
Mukherjee and Sen, 1943]. The present paper deals with the simplified procedure 
which has been developed for determining M.F.N. of cattle. 

Few workers have estimated the M.F.N, of cattle, Titus [1927] computed the 
M.F.N, of steers by a graphical method, in which the fa.ecal nitrogen (per 100 gm. 
dry matter intake )was plotted against the nitrogen content of certain rations. 
These diets were prepared by gradually substituting (upto 60 per cent) of alfalfa 
by equivalent amounts of 'nitrogen-free’ paper-pulp. He showed that under 
these conditions, the plotted data lie in a straight line and estimated the faecal 
nitrogen on a 100 per cent paper pulp (i.e., ‘nitrogen-free ’) diet by extrapolation. 
It is, however, questionable whether extrapolation to this extent (from 60 per cent 
to 100 per cent paper pulp ration) is permissible. Subsequent workers [Hutchinson 
and Morris, 1936 ; Harris et al, 1943] assumed that the faecal nitrogen of cattle on 
low-nitrogen diets was a fairly correct measure of M.F.N. None of these authors 
attempted to estimate the error caused by the presence of nitrogen in the experi- 
mental ration. 

A precise determination of M.F.N. , however, requires the feeding of ' nitrogen- 
free ’ ration to the experimental animals. Since these arc not palatable, workers 
on non-ruminants liave usually included in the experimental ration small quantities 
of certain proteins, which have been assumed to be almost completely digested at 
low levels of intake. As a constituent of low-nitrogen rations, these proteins were 
assumed to exert no appreciable influence on the excretion of metabolic nitrogen in 
faeces, hence their use was considered permissible. Our present knowledge, how- 
ever, regarding the protein metabolism of ruminants is so limited that it is not 
known which feeds will satisfy this condition. To find an answer to this question 
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it was necessary to run parallel cxpecinients by feeding animals on ' niiicugmi-ftoo * 
and ‘low-nitrogen’ rations. No successful investigation lias .so fan Inuai made on. 
this line due to the difficulties of preparing and feeding ‘ nitrogen iVoo ’ rations t-o 
.cattle. 

The problem of devising and feeding ‘ nitrogoii-free ’ iliets to ualtle lu\M already 
been investigated hy the ])rosent authors [cf. Kehar t4 al, ID'l'lj. billowing 
experiments were, therefore, planned to (i) study the faeiial nitrogen excridaon of 
cattle on ‘ nitrogen-free ’ and ‘ low-nitrogen ’ rations, and (ii) devisii a method for 
computing the correct value lof M.F.N. from the data oblained by feeding ‘ low- 
nitrogen’ diets. 

Experime.ntal 

(u) Rations 

The prepara, tions of hot-alkali treated ba,gasvse, cold allcali treated wheat straw 
dextrinised sago, oil mixture and salt mixture have bc<m dealt with in a previou.s 
publication [Kehar ei lOh'iJ. The composition of ‘ nitrogen-freo ’ ration, low-N 
ration No. 1 and low-N ration No. 2 is givenin Table L 

Table I 


Coniposiiim of ratiom 


Ingredients 

N-freo 

ration 

Low-N 

ration 

No. 1 

Low-N 

ration 

No, 2 


Parts 

I’arts 

Parts 

Sago, dextrinised . i 

m 

62 

62 

Sugar, crystalline (extra white) 

6 

6 

6 

Oil mixture . 

2 

2 

2 

Salt mixture ^ 

4 

. ■ 4 

4 

Bagasse (hot-alkali treated) , . 

36 



Wheat straw . , .... 


36 


Wheat straw (cold-alkali treated) 



86 

ISTitrogen content . , 

0-02 

0*17 

0-09 


per cent j 

per cent 

per cent 


(6) Amimls 


• typos of adult bullocks, six to eight years of age, were used. These con- 

Msted of animals of the Hariana breed [840 to 1210 lb.] and non-descript local 
bullocks [516 to 630 lb.], the latter being ooimnon in the iilains of the United Pi-o- 
cunces. ' 
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(c) F e&Hmg and management 

• were fed on^e daily. Water and rook salt were available to tlie 

i*Ti ^ biiUooks were weighed on three consecutive days precod- 

^ am ollowing a metabolism experiment the average of the six weighings was 
taken to be the true body weight. 

TYii particular experiment were prepared in advance? 

xec ^ loroughJy and stored. Dry matter and nitrogen contents of the diets were 
e -eimmed occasionally. The rations were offered in weighed quantities daily and 
e lesiclue was Aveighed every morning. At the end of every w^eek during the pre- 
co ec ion period, and at the end of each collection period, composite samples of 
resiaiie were weighed and the moisture content determined. 

The amount of ration offered to each animal was so adjusted that a fairly 
nni orm intake resulted throughout the experimental period. The ‘ nitrogen-free ’ 
met was not relished by cattle. Hence, hand feeding was sometimes resorted to in 
^ ration which was left after voluntary consumption. 

IS step was necessary for ensuring uniform food intake, but care was taken not 
0 pu any strain on the animals. The subjects soon got accustomed to this method 
01 supplementary feeding. 

(d) Digestibility trials 

According to Mitchell et aZ [1932] there is no necessity for long adjustment and 
CO ection periods in digestibility experiments. Since, in our observations faeces 
markers took three to five days in passing through the alimentary canal of ruminants, 
aajustmoi]^ and collection periods of seven to ten days were employed in the present 
investigation. j if j if 

riie animals were housed in metabolism stalls provided with suitable arrange- 
ments lor the quantitative collection of faeces free from contamination. Immediate- 
y on voiding, the faeces automatically dropped into faeces bags which were attach- 
ed to the animals. Attendants watched the collection throughout the day and 
night, and emptied the bags into tared tin containers provided with lids. 

1 11 collection period, the total quantity of faeces excreted by each 

bullock during the preceding 24-hour period was weighed daily at a particular hour 
m the morning (usually 10^ a.m.). Each sample was then mixed thoroughly in a 
clean basin and small p.ortion8, taken at random from different parts of the heap, 
mu'c kept in wide-mouthed glass-stoppered bottles, A total of half to one pound 
01 the sampled faeces was sent to the laboratory, where it was thoroughly mixed and 
aliquot parts weighed out for dry matter and nitrogen estimation. 

. aliquots for ^y matter, each weighing about 100 gm., were well spread on 
weighed trays and dried in an electric oven between 105°G. and for 24 hours. 
Dry matter in faeces was estimated daily during the collection period. Separate 
aliquots of fresh faeces were taken for nitrogen estimation. These aliquots, weigh- 
ing about 25 gin. per day, were preserved by mixing with 5 c.o. of 25 per cent sul- 
phuric acid each time and kept in a glass stoppered bottle. The conteuts of the 
lioitle were tliorouglily mixed at the end of the experimental period and duplicate 
samples, weighing ten to fifteen grammes each were finally analyzed for total nitrogen 
by the Kijeldahl method. 
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(e) Layout of experiments 

In experiment '. 1 , tlireo adult Hariana bullucd.s wore Uni tin*. ” nil 
ration cliirinp; tlic adjusimoiit period of ten cla,ys and ilio ('ni!eet.i(Hi p('rit)d (>l one 
week. In experiuKUit 2, the same aninials were fed low-N die! No.^ i (!arin,',ysiniilar 
adjustment and collection periods. JiWli e.Kp(U‘it.uenls, vi/., (^Nja'rinienrs 1 (a) a,iid 
2 (a) were earned out in order to coidirm tins results of cx])(M'inien1s 1 and, 2. In. 
experiment 3, low*N ration No. 2 was used. 

Experiments i, 5 and G were similar to experiments I, 2a!id 3 r(^s]HHdivol)'. but 
were conducted on three local bullocks. Some additional ob.servations wen*, made 
in connection with experiments 4, 5 anrl 6 ; the special procedure adopted for this 
purpose is given below. 

Estimation of undigested feed residue. The following technitiUCj which is an 
adaptation of the Boas sieve method [ef. Hawk and Hergaini, 1938] for 
separating the macroscopic constituent.s of human faeces was adopted for 
determining the porcentago of uudigostod feed (roughage) re.siduo in tln^ faeces 
and its contribution to tlie total fa.(^cal nitrogen. 

A representative sample of fresh faeces, collected during the pri*.viu\is 21 hours, 
was employed .for this purpose. An alirpiot of the faeces, woigliing 209 to 250 gm., 
was placed on a 40 mesh, sieve and washed under a, slow flowing t.a]) for at h*.asl ten 
minutes after the washings wore practically coloiirIe,s.s. Th<^ wa.slted residue was 
pressed to remove suporfliious water and then quantitatively tra.usf<M.’red tio a taix*.d 
tray. The m.oist feed residue was well-mixed sind weighed. One-fourt.h ptuHons of 
this, in duplicate, were weighed quickly for total nitrogen estimation u,,nd the 
remaining half was dried in oven. At the same time, 10 to 15 gtn., of t.lie untreated 
fresh faeces was analyzed, in duplicate, for total nitrogen. As u.Hua!, the <h'y matter 
content of the 24-hour sample of fresh faeces was G.stimatcd daily during the collec- 
tion period. 

Tlie particles collected on the sic.vo may be assumed to riiproscui prncticidly 
the whole of the undigested part icles of roughage, since (1) 90 in 100 per e-ent of the 
crude fibre in faeces could be accounted for by crude fibre estima tion of the mat erial 
thus isolated and (ii) microscopical oxa.mination of this material, which was canhal 
out on several occas,ions, showed that it wa.s practaca.lly uncontamina.t ed wit h ot'fusr 
faecal matter. . ■ . 

From the data collected according to the abovo procedure (i) the percentages (jl* 
undigested feed particles in the faeces in terms of dry n],atter and (ii) the ctmtribu- 
tion of the former to the total faecal nitrogen have been calculat ed. Feed residue 
analysis was carried out once or twice during each experiment. Tlie average 
figure of all the animals employed in an experiment was used for calculating the 
percentage of faecal nitrogen of food origin, i.e., the correction factor applicable to 
the experiment concerned. 

Since this procedure was evolved later, no estimation of feed residue nitrogen 
was made in course of experiments 1, 2, 2 (a) and 3. Consoquently, the figures of 
‘ metabolic ’ faecal nitrogen for Mariana bullocks which are gh'en in Table Y 
computed by assuming that the correction factors detoririi'ued in < 5 x])crinicuts }, 
5 and 6 on local bullocks could be used for similar experiments on Hariaua aTiimals 
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witJiout any discrepancy. Fnrfclier experiments on both types of animals showed 
that this procedure was justified. 

Kesults and discussion 

(a) (xenend 

The experimental data of Hariana bullocks are retjorded in Tables H and III. 

Table II 

Results of experiments on Harium bullocks 






J'’aecal nitrogen 


Auinuil 

number. 

Hood i). M. 

itm. 

Faeces U.M. 

gill. 

Digestibility 
ofD.M. 
per cent 

Total 

per 1 00 grii. 
food D. M. 

, gm. 

per 100 gm. 
faocal D, M. 

gm. 




Experiment 1 





(Ration ; ‘ N-froe ’ diet ; 0'02 per cent N) 


IJii 10 

.5000 

1270 

. 74-8 

13-2 

0-26 

1-03 

Ha 11 

liSdo 

1473 

01-7 

13-S 

0'30 

0*94 

Ha ];} 

3800 

1400 

04-0 

12-3 

0*32 

1 0-88 

Averuga 



06-8 


0-31 

0-i),5 




Experiment 2 





{ Ration 

: Luw-N ilict No. 1 ; 0-17 pe 

a* cent N) 


Ha 10 

3735 

1860 

50-2 

17-9 

0-48 

0*96 

Hall 

4050 

2145 

47-0 

18-9 

0-47 

0-88 

Hal;} 

37^8 

182.3 

51-1 

16v8 

(>•45 

0-92 

Avfrug!'. 



4fl4- 


0-47 

0-92 
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Table III 

Results of further expermmits on TIariana hulhohs 






Faeeal nitrogen 


Animal 

number 

b’ood D. M. 
'gm 

Faeces 1). M. 
g»'. 

Digestibility 

ofD.M. 

percent 

Total 

gni. 

per 100 giu. 
food I). 5T. 
gm. 

pei- l,t)0 gm. 
faecal D. .it, 
gm. 



liJxperiment 1 (a) 

(Ration: ‘ N-free’ diet ; 0-02 per cent N) 


Ha 11 

3240 

935 

7M 

8-5 

0-26 

'0-91 

Ha 12 

,3560 

l.'iOS 

57^7 

14-8 

0-42 

0-98 

Ha 13 

3870 

885 

77*2 

7-6 

0-20 

0-86 

Average 



68-7 


0-29 

0-92 




Experiment 2 {a) 





(Ration : Low-N ration No. 1 ; 0*17 pei 

‘ ivitt N) 


Ha 11 , 

5082 

2047 

59-7 

20-2 

0-40 

0-99 

Ha 12 

4864 

2224 

.54-3 

20-0 

0-41 

0-90 

Ha 13 

4754 ; 

200.5 

oT-B 

18-5 

0-39 

0-92 

Average 



57-3 


0-40 

;o-94 




Experiment 3 





(Ration : ! 

I.ow-JSr ration No. 2 ; 0-09 per (-('nt) 


Ha 10 

4001 

1,335 

07-4 

1.3-7 

0-.3.3 

1-03 

Ha 11 

5465 

2020 

6.3-0 

18-1 

0-;i,3 

0-90 

Ha 1.3 

4128 

1718 

584 

15-2 

0-.37 

0-89 







— — 



Average 



62-9 


0-34 

0-94 
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Tlie results obtained in similar experiments on local bullocks are presented in 
Table IV. 

Table IV 


Results of experiments on Ineal bulloeks 


ibiimal 

number. 

Eood D. M. , 

■ gm- ■■ ■ ■ ; 

Faeces 'D.M. 
g'»- 

.. . 

Digestibility 
of D.M." 
per cent 

Faecfal nitrogen 

I.' 

Total 

gm. 

Per 100 gm. 
food D. M. 
gm. 

Per 100 gm. 
faecal D. M. 
gm. 




Experiment 4 





(Ration : ‘ N-free ’diet ; 0-02 per cent N) 


LI 

; 2956 

1044 

64*7 

94 

0'32 

0-90 

L6 

3005 

1066 

64-9 

9-3 

0-31 

0*88 

L6 

2887 

806 

69-0 

84 

0-37 

0*92 

Amrage. 



66-2 


0'33 

0'90 




Experiment S 





(Ration : Low-N di(5t No. 1 ; 0-17 per cent N) 1 


L 1 

2300 

1082 

53-0 

12-0 

0*52 

Ml 

LG 

2390 

1165 

51 -2 

11-7 

049 

1-00 

L6 

1610 

! 

I 860 

47-2 

10*1 

048 

149 

Average j 



50*6: 


0-50 : 

140 




Experiment 6 





(Ration : Low-N diet No, 2 

; 0-09 per cent N) 


LI 

275'> 

983 

64-3 

10-7 

0-39 

1-09 

l.G 

3420 

1368 

60-0 

130 

0-38 

0-95 

L() 

2434 

. 1202 

60-6 

11-2 

0'46 

\ 

0-95 

Average 



58-3 


041 

1-00 
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in Tables V and VJ, the data on botii types of animals are summai’ized aau! the 
results of statistical analysis are included. 

Table V 

The relative individual variation of the ‘ rmtaholic ’ famil nitrogen, ami other data 


Itation 

No. of 
observa 
tions 

Food D. M/lOO 
lb. body wt. 

Ib. 

Faecal I).M/, 
lb. body wt. 
gm. 

‘ Metabolic ’ 

faecal nilrogcjj** 

per 100 gm. 
food D. M. 
gm. 

per 100 gni. 
I'aoeal T>. M. 
gm. 



Mean 

1:0. V.* 

j Mtiau 

0. V. 

1 Moan 

C. V. 

iVb'iin 

C. V. 




lliiriitna buUoc.lcH 





, ‘ N-free ’ 

6 

0-92 

8-5 

1-36 

2(5-8 

0-.‘10 

26-2 

0-93 

0-8 

N-Low (1) 

0 

3-00 

20-7 

2-09 

ir)-8 

0-38 

9-0 

0-82 

4-0 

Ndow (2) 

3 

1-04 

27-9 

1-77 

32-9 

0-31 

7-i 

0*87 

8-3 





Local hnllockd 





‘ N-free ’ 

3 

M7 

4-4 

1*80 

3-0 

0-33 

9-7 

0-90 

2-2 

N-low (1) 

3 

0-80 

15-1 

1-80 

10-2 

0-44 

4-8 

(K)7 

H-.S 

N-Iow (2) 

* n \r 

3 

1-08 

9-9 

2-04. 

4-3 

0-38 

10-0 

0-91 



H-2 


i i T — ' oi vamuoii. 


and 8 per cent for Kdo^v 
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Stahdkal comparison of the obsermtiam made wUh N-fiee and Imo-N ralims 



(N-free at. low-N No. 1 ) 


I'oo'i 1). M'. ( ]h./ 
.100 11,. body wt. 

; o-od 

1*00 

j .1.7 

f O-S.'l 

2-28 

1 I / 

j 10 

Nol .signifi. 








cant 

M. F. K.** ( gill./ 
100 gtn. 1(10,1 

1 o-;{o 

o.:is 

1 O-OOl 

2-18 

2-2.'; 

j .,.n 

!0 

do. 

,1). :\r. ' 









FmTal,T).ll£.f gui.' 
Hi. body wl. 

i-;)6 

2-00 

0-.1.1S 

.‘!(m 

2*2;{ 

r,-n 

JO 

HigJiIy 

t'lgnifir-aiit 

Ji'. X'.*’;" ( 

o-y:i 

0-82 

o-or,2 

.-{•ao 



to 

-1,1. 

100 cm. f(ir‘,!aj 

!). ,\r.^ 

i 




4- It 





Hat hmi bullorl-x 


(N-frec vs, low-X No. -2} 


I’ood'D. M. ( lb.,' 
100 lb, bociv " t. 

0'02 

l-Ol 

0-109 

0-97 

2-36 

3 -.70 

7 

Not .signifi. 









ffint 

M, F. ( gill., 

100 cm foorl 

o-oo 

0-31 

0-008 

0-21 


3-50 

7 

do. 

1). ;m. 









Fam-ai D. M, ( gm./ 
lb. body \vt. 

1-30 

1-77 

1 0-439 

1-33 

2-36 

3-50 

7 

do. 

M. F. N.'!** ( gm./' 
100 gni. fiieoal 

0-03 

0-87 

0-066 

1-43 

2-36 

3-50 

7 

do. 

I). m: 
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Tabi;i 3 VI 

SUi/i-sticfil com iKimon. of f/ir. ohifarralious made with Nfrce ami law- N rat ioim 


Mean valiioa 


fomjinrctl 




t ’ valtic-s 

1 1 
_J 

s. ;i). 




of i 
diflbr- 

Crttlo, 

|. >. * . 

1 Tabular | ; 

1 onee 

; 




5 per 

1 per 



cent 

(ifttit 


Ijh-oI Intlloch.s 
(N-frcr r^t. liiw-X Xu. 1 ) 


I’o.xi .!>. ^r. ( lb./ j 
lUd lb. budy \VU ' 

1-17 : 

o-xo 

o-ObCi 

1 -T 1 . 

:;- 7 s 

I'liO 

M. K. X.’i'"' ( giu. ! 
1(10 liiti. I'liod j 
. 1 ). M.' 1 

IK!;J 1 

1 

U - 1 I 


o-l.s 

1 ■ ■■ ■ ■ 

■j-rs 

:l>(iO 

1 -iirraI D.M.r ;,nn. | 

11 >. bofly tv( . ! 

J-.SO 1 

I-SO 

o-/;i.s 

(l-oi 

' -^oH 

•MiO 

M'. F. ( ^' 111 ., 

lOO ym. laecal j 
1 ). M. 

b-flo j 

0-97 

(MIU:.* 

1 bix 

:!- 7 S 

MiO ‘ 


I : ilh'l.ly 


( : _ Xoi 

' aiiitiilifnitl 


(N-IVw i(iv\ N -J) 


F.H.d 1). M. ( li..; 
!()(.' lb. body w! . 

MT ■ 

l-o.s 

(Hisi : 

l-:il 

•-'•“X 

4-(«> 

■ i 

\nl 

si.L'Uilii'fUlt: 

yj, F, ( uiu.j 

loO frill. I'ond 
r». „M. 

(KT! 

o-.-js 

O-O'!.-. 1 

! 

1 

l-.Vf 

i’-7'S 

" i 

•l•(;u 

1 

do. 

Faocal lb -M. 1, 

Ib. budvAvt, 

I-, SO 

i!-ol 1 

i>i*oo ! 

l-IS 1 

•••7x ! 

4-(i(l 

,( 

Ilo, 

M. F. 1 

' O'lK) 

0■!)i ! 

0.!>,V. 1 

o-io 1 

2’7X 1 

(•0(1 1 

■■1 . 1 

do. 


InO irtii. Ikei-.'il ! 

1 >. M. ' 


( 6 ) Falhu-ij of cj'prvsdmj M. h\ S. 

On Jotxl dnj maltrr hasis. hi expoi'iniciii i. tlm iiviMMiiv. nitniunn 

ouipul ufthe auinuiLs was 0-:iI niu. 'per lOiJ pm. food dry maiha- ronsiinH'.l, 
.Siiu-<i lluM-alion fnd duriiip tim, (‘.xporinaml was iVea fVoni nifropmi, tlm wlioia of 
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tlie faecal nitrogen is of body origin. The above figure, therefore, represents 
the M. F. N. A comparison of this figure with the average nitrogen content of 
faeces in experiment 2 viz,, 047 gm. per 109 gm. of dry food consumption 
(Table II) would suggest that the higher value on low-N diet is mainly due to 
the incomplete digestibility of wheat straw protein. The present day conception of 
the subject -warrants the above interpretation, but it does not appear to be 
correct in view of the following facts. 

The ‘ N-free ’ ration differs from the low-N diets not only in nitrogen content 
but also in the digestibility of dry matter {Tables II, III and IV). By subtracting 
the digestibility coefficients from 100 we get, let us say, ‘ coefficients of indigestibi- 
lity ’. It is interesting to note that these latter figures (e.g,, 33 per cent and 51 
l>er cent in Table II) run more ox less parallel to the corresponding faecal nitrogen 
data when expressed per 100 gm, food intake (e.g., 0’31 and 047 gm.). It suggests 
that the quantity of indigestible constituents in the ration, and hence the amount 
of faecal matter, is an important factor influencing the nitrogen output in the 
faeces. For this reason, the faecal nitrogen per 100 gm, of faecal dry matter has 
also Been shown in Table II, On examining these figures alone, no marked difference 
between the faecal nitrogen data in esq)eriments 1 and 2 is noticed. This throws 
great doubts regardiug the validity of the common method of expressing the M. F. N. 
of cattle viz., in terms of dry matter consumed. The data given under experiments 
1 (a), 2 (a) and 3 (Table III) support the above contention. 

(a) Jnfiumce of ivheat stmiv protein orh faecal nitrogen 

The most significant point that seems to emerge from experiments 1, 2, 1 (a) 
and 3 is that the nitrogen content of low-protein rations No. 1 and 2, containing 
untreated and treated wheat straw respectively, is highly digestible in the case of 
cattle. The approximate agreement between the faecal nitrogen figures (per 100 
gm. of dry faeces) on N-free ration and the two low-N rations lead to this berief 
(videTables II and III). In order to test the validity of this suggestion the exper- 
iments on local bullocks (viz ; experiments 4, 5 and 6) were so planned that a more 
clear-cut interpretation of the observations was possible. 

Since faecal dry matter excretion rather than food dry matter intake, appeared 
to be the predominant factor determining the M. F . N. of cattle, it was decided 
to control the former to a uniform level in experiments 4, 5 and 6. This was 
attempted by adjusting the food intake of the animals on the basis of the 
figures given in Tables II and III for the digestibility of the dry matter 
of the thret) rations. In these experiments some additional observations 
were made for estimating the feed residue nitrogen in the faeces according to the 
method already described. On testiug the faeces of the local bullocks fed “ N-free ’ 
ration in experiment 4;, it was found that feed residue contained only traces of 
nitrogen (viz,, 0*02 per cent N on dry basis) and comprised of less than 1 per cent of 
the total faecal nitrogen. On the other hand, in experinrents 5 and 6, when low-N 
rations No. 1 and 2 were consumed, the faecal residue contributed 12 per cent and 
8 per cent respectively of the faecal nitrogen. . Since the non-roughage components 
of all three rations were common, the undigested remains of the roughage appear to 
the practically the only source of residue nitrogen. The above figures, therefore^ 
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mdicatc \h\t tlie iaceal nitrogen data, on the fcwo,bw-N rations were iTM>xcA'iSs‘ of the 
metabolic nitrogen by 12 per csont and 8'per cent. tmly. T{u>i low vidue lor the (uht(v^- 
tioii factors indicates that the true digestibility of untreated and alltsli tv^ted 
wheat straw protein is fairly high. It farther indicat(!.s that low~R ratii mn rrodaining 
wheat stra.w/ and possibly certain other low-]>rotoin nnighages, v%r\ ('.ouvoisiently bo, 
used in phice of a N-frce ration for the detorminatbTrof the triotabolio jjatrogea 
of cattle by the use of appropriate oorreotion factors depending on the ruiantity o{’ 
nitrogen present in. the feed re.sidiie, 

la this conneotloa, it is worthwhile referring to tlio observations of flute binsou 
and Morris [ 1936 ] on the effect of roughagt? on M. F. K. In one of tfieir e.xpm- 
ments, they fed throe goats on a fibre-free and N-frC(; ration (the fo.o.diug was 
necassariiy caiTied out forcibly). The animals were then offered the sanio diet 
plus paper-pulp', whon a higher excretion of faecal nitrogen wjis observed. This 
foding led the aubliora to concbide that fibre was responsible for tlui obsiwvcd ifir.r(Mi(He 
in fiieoal nitrogen. hVom the results of a sub, sequent experiment of this i.ype the 
authors calculated !hat tins increase in nitrogen j,K*r 100 gm. of iihn^ were. 

l‘T7, 0>69 and 0-07 gm. (average 1*11 gur.) for tliret^ aniiuals ; thn.s the variation 
between the figures was fairly wide, rn a later experiment, goaht wen^ fed two 
rations, one higli in straw and tlie. <#tli.er low in .Mtra.w. It. wa,H found that tin* differe.nce 
in faecal nitrogen of animals on t!ie t,w() diets wtis .Hiniila,r tro that, whitdi can be 
expected on the ba.sis of the diffeceuKHs in tlu; libre <-,ontetit of t!u*. rati^ms and the 
average figure for the increa.se in faecal nitrogen per HHt gun of diet;; ty tibre(vi?^., 
l-ll gm.). Heneo, the authors comdmled that tlm true digestibility of the nitrogen 
of straw was almost TOO per cent. .Since their iuterpretatioiii was bused e>n fclic 
average figures for the, increase in. faooal nitrogen per 100 gru. fibre, whie.h was the 
mean of a small numi^er of widely diffore.nt value.s, their eonebtsiou rng;i.rdmg tH<^ 
qomplett'. digestibility of .straw wms not very convincing. 


(d) amlijsiH of fJtt dMti 

Table V shows the coefficients of vamtion of food dry iiiatter, faecal d)-y mate 
and tk' computed figures of metabolic- faec;il nitrogen (e.xpres,sed both on food dry 
matter ba.sis and faecal dry matl-or h.asis). [t i.s evident from this table that the 
variation between individual observations in a given t.iXporiment .i.s fairly low for 
the M. F. N. figures calculated in tk.? new manner viz., on faecal dry inat(te.r basiSk 
It indicates that this method of exjmessing the M. F , N. gives coiLsistent rasults in 
the case of cattle. It has been pointed out ea,r]ier that the figures { 5 Xpres.sed in the 
customary way vary inversely with the coefficient of digestibility of the dry mattior. 
of the experimental ration. Strictly sjwakiag., there is littie Ju.stification, therefore., 
to refer to these figures as M. F. N. 

Table VI indicates that whon the observations on one or the other typo of 
mttle are compared according to the nitrogen content of the diet the difference 
between the M. F. N. figures (on faecal dry matter basis) was significant in only one 
pair out of four ; the difference between the level of faecal dry matter excretion was 
likewise significant in this pair only. AH the statistical results are in agi-eomcnt 
2 ^^clusion, arrived at earlier, on the basis of feed residue analysis, that the 
M. .P. N. figures computed from the data obtained by feeding low-N rations I mid 2 
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SioT V feeding fT-frea diet. Skea. tke .pte- 
mndffiMtion^ comparatkeljr oaeier, Aeir nm k a ray 

^ SlTMMAR¥ AND OOlfOLOMWa 

aiteoSTnnS'wniT™'^*'® ‘ nitoogen-fteo ’ (0-02 per oe»t if) aad two 

fkl?®' »“d 0-09 per oant M) rations with a ™w to at.df tie 
SLffm ® *'!'> detonaittation of the metabolic faeca l 

onfcfS that the metabolic nitcogen of cattle shoald ho eipreasad 

on &eoaI diy matter basis, rather than in terms of food dry matter. 

mWnnon?“’*^, tether iadioated that wheat straw protein, which ooastitnbed the 
SSrr f low-mtrogen rations used, was highly though not completely 

therefore, developed to measure aoostatdy 

method of metabolic nitrogen determinatioii. thus deveiapeii, 
accurate, and (&) the preparation and ffsading of l@w- 
mtrogen rations is co.TnparativeIv simpler. 
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STUDIES ON PROTEIN METABOLISM 

IV.— INULUBNCB OB CERTAIN EACTOES ON THE METABOLIC 
EAIGAL NITROGEN OF CATTLE AND RATS 

By N. D. Kehab and R. MuKHiEJEEj Animal Nutrition Section, Indian 
Veterinary Research. Institute, Izatnagar 

(Received for publieaticih on 6 April 1948) 

|N the preceding paper of this series [Mukherjee and Kehar, 1948], an improved 

technique for determining the metabolic faecal nitrogen (M. P. N.) of cattle was 
presented. The present communication is concerned with factors affecting the 
M, P. N. 

Part I 

Effect of dry 'tnatter intaJce on M. F. N. of cattle 

Mitchell [1924] found that the M. P. N. of rats was fairly proportional to the 
total dry matter consumption, when rations free of crude fibre were fed. Chick 
ei5 aZ [1935] and Schneider [1934,1935] confirmed these findings. Mitchell (Zoc 
oit) and later Schneider {loo cit) observed that, in the case of rats, the value of M. P.N. 
(expressed in terms of food intake) gradually decreased as the level of dry matter 
consumption increased. Schneider (loc cit) established the reason for the high 
values of M. P. N. as very low intakes. No information on the effect of this factor 
on M.P.N. of pattle is available, although Hutchinson and Morris [1936] obtained 
some evidence regarding the increase of its value at lower levels of food intake in 
the case of goats and sheep. In view of the lack of knowledge on the subject, the 
following experiments were conducted. 

Experimental 

In experiments 1, 2 and 3, three adult Kumaun bullocks were fed a wheat 
straw ration at three levels of intake. Calcium phosphate was included in the ration 
to supply the major mineral elements ; salt lick was available as usual. The 
technique adopte.d in these experiments was similar to that already described 
[Mukherjee and Kehar, 1946]. 

. Results and discussion 

Table I shows the results of the experiments mentioned above. .. The 
data indicate that the value of M. P. N. tends to decrease at higher ^ levels 
of food intake ; this is true of the figures expressed according to the traditional 
method (i.e,, in terms of food dry matter intake) as well as those calculated acGordii% 
to the present authors’ method {i.e., on faecal dry matter basis). Since a ration of 
constant composition was fed at the different levels, the digestibility of dry matter 
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was practically constant, and this factor had negligible in/liionc on tbc. rf'HuliH, 
xience, m this particular case, the variation in the M. F. N. va I uch si,ul,c( 1 in i omiM * d' 
mn 7 output was Only slightly less tiian the ligun^s expO'Mse.d prr if 10 

consumed. These results are expected, becauH^^ a cnnstniit raiton uas 
i<? niAr / ^®® f^P^™cnts. However, the gencralimi slatenient that M. I*\ N. 
tL?p *»> way ailed, mi l>y 

inTOStigated by “W'ly t" “H tiyP™ "f 

. „ , Table I 

Influence of the level.offood consumption on the M. F, N, ofc^ittk 
— (Data expressed on daily basis) 


Animal 

number 

Body 

vvt. 

lb. 

Food 

D.M. 

gm. 

Faecal 

D.M. 

gm. 

Metabolic fat'cal iiitrttgen 

'rotal 

gm. 

I'or 100 g!) 
Ibotl D.M, 
gm. 

i. iVr 100 gu), 
biwd D.M. 
gm. 

K1 

E2 

K3 

276 

264 

276 

1614 

1112 

1611 

'xj)eriment ./ 

747 

666 

711 

6-87 

6«4y 

6-11 

(Ido 

U-49 

0'40 

0‘92 

0‘9H 

0-H6 

Average 


1379 



0-46 

0*92 

U'90 

0-81 

0-»l 

Kl 

' K2 

K3 

! 275 

242 

270 

— — _j 

Ex 

1780 

1690 

1766 

periment 2 

862 

784 

880 

7-74 

0-30 

7-oa 

0-44: 

0-40 

0-40 

Average 

_________ 

1702 



0-41 

0-B-i 

, K1 

K2 

K3 

244 

240 

280 

Ex 

1702 

1864 

2094 

'perment 3 

846 

840 

987 

7- 11. 

(}-80 

8- 20 

0-42 

0-37 

0'39 

0-H4 

O-Hl 

0*H3 

Average 

~_L 

1883 



0-39 

0'H3 


June, 1949] 


115 


m B. KEHAR AND B. MBKHJSBJEE 
Part II 

Effect of indigestihh matter in food on the MvF. N, of cattle and rats 

Mendel and Fine [1912] observed that the addition of agar-agar to a ration 
increased the faecal nitrogen excretion of dogs. Mitchell [1924] found that the 
nitrogen content of the faeces of rats was raised when they consumed filter paper 
along with a nitrogen-free diet. Adolf and- Wu [1934], however recorded a decrease 
in the amount of nitrogen in the faeces (per 100 gm. food dry matter) when filter 
paper was incorporated in the diet of rats. They further observed that the faecal 
nitrogen of human was raised when dry cabbage fibre was included in the ration, 
but the reverse was true for the moist fibre. The work of Funnel! et a? [1936] on. 
a human subject suggests that the value of M, F. N. increases when fibre (prepared 
from bran) is added to the diet. The observations of Duckworth and Godden 
[1941] on rats are also in agreement with those of Mitchell [1924], 

The above-mentioned investigations have been conducted on animals which 
habitually ingest concentrated foods, with but small amounts of dietary fibre. It 
is not surprising that the available information regarding the effect of fibre on the 
M. F. N. of these animals is, of a fragmentary character. Although the diet of 
ruminants normally contains a high percentage of indigestible fibre, practically 
nothing is known on the effect of fibre on their M. F. K. Hutchinson and Morris 
[1936] carried out some preliminary experiments bearing upon this problem. 
They found that an increased excretion of M. F. N. resulted when paper-pulp was 
added to a fibre-free and ‘ nitrogen-free ’ ration of goats. 

Some observations recorded by the present ‘authors [Miikherjee and Itehar> 
1948 ], however, suggested that the M. F. N. of cattle is markedly affected by the 
content of indigestible matter in food. Since no accurate information is available 
in literature on this important problem, a thorough study of the subject was under- 
taken. A comparative investigation was also carried out on rats, as the results of ' 
published experiments were controversial. 

Experimental 

(a) Experiments on cattle 

Oat straw and a particular sample of laatnagar hay were found to contain a 
very small proportion of indigestible matter ; on the other hand j wheat straw' was 
rich in indigestible fibre. Hence, for studying the effect of the level of indigestible 
matter in food on the M. F. N. of cattle, these roughages were conveniently utilized 
(Table II). 

In experiment 4, three Hariana bullocks were fed Izatnagar hay containing 
26'per cent indigestible dry matter (I. D. M.) and the M. F. data were compared 
with those of experiment s {a) where the same animals consumed loW-][)t ration 
No. 1 (43 per cent I. D, M.) containing untreated wheat straw [Miikherjee' and 
Kehar, 1946]. Similarly, in experiments 5 and 6, rations containing oat straw 
(26 per cent IJ D, M.) and wheat straw (48 per cent I. D. M.) were respectively fed 
to local cattle. Adequate amounts of minerals were* included in these rations ; in 
addition, a salt (NaCl) lick was provided. The technique employed in these experi- 
ments was identical with that -adopted in Part I of this paper. 
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Table II 

Effect of indigestible matter in food on the M. h\ N. of cat (I r 

( Figures expressed on daily basia ) 


Anima! 

number 


Hall 
Ha 12 
Ha 13 


Ha 11 
Ha 12 
Ha 13 


Average 

U 

L5 

L6 


Average 


ll 

u 

L6 


Body 

wt. 

lb. 


1035 

1010 

929 


979 

895 

890 


804 

812 

776 


Food 

D.M. 


5837 

5549 

4875 


5082 

4804 

4754 


3880 

4000 

3670 


Faecal 

D.M. 

gm. 


Metabolic faeoal nitft>g<«i 


Total 


Experiment 4 


1545 

1377 

1101 


13*0 

11-9 

10-3 


Per 100 
gm. food 
D.M. 


0>23 

0'22 

0-21 


Experiment 4 (a) 


2047 

2224 

2005 


17«8 

17-6 

16-3 


Experiment 5 


1710 

1538 

1201 


16-7 

16-8 

12'6 


Experiment 0 


1856 

2024 

1686 


16'0 

I6-4 

13-8 


0-35 

0-36 

0-34 


0-29 

0-27 

0-22 


0-41 

0-41 

0-38 


Per 100 
gm. fooea 
I).M. 


(■>•84 

0‘8(i 

0-94 


0‘87 

0-79 

0*81 


0-98 

1'03 

1*05 


0'86 

0-81 

0-82 


' .Tndigesiibk- ^ 
matter in 
ratkui 
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, Knally, the M. F. N. data of all the experiments recorded so far (in Parts III 
and IV of this series) were arranged separately for three types of cattle, in ascending 
order of the level of the faecal dry matter output {vide Tables III and IV). This 
was done with a view to gain further insight into the problem. 

Table III 


hiflue7ice of the level of faecal dry matter output on the M. F. N. of cattle 

(Mguregi expresaed ou daily basis) 


Serial 

1 Faecal 

D.M. 

gm. 

Metabolic nitrogen 


number 

Total 

gm. 

Per 100 gm. 
food D.M. 
gm. 

Per 100 gm. 
faecal D.M. 
gm. 

Ration 

.1 

1 

885 

7-0 

Hariana h 

0-20 

ullocka * 

0-86 

‘ N — ’free ’ 

2 

935 

8-5 

0-26 

0*91 

do. 

3 

1101 ' 

10-3 

0-21 

0-94 

Izatnagar bay 

Avmuje 

974 

8-8 

0-22 

0-90 


4 

1276 

132 

0-26 

103 

‘ M— free ’ 

6 

1335 

12-6 

0-30 

0-95 

‘ Low — ’ No. 2 

6 

1377 

11-9 


0-86 

Izatnagar hay 

Averciffe 

1329 

®12-e 

0-26 

0-95 


7 

1400 

12-3 

0-32 

0-88 

' N — free ’ 

8 

1473 

13-8 

0-36 

0-94 

do. 

9 

1508 

14-8 

0-42 

0-98 

do. 

Average 

1460 

13-6 

0-37 

0-93 

■ 

10 

1545 

12-9 

0*23 

0-84 

Izatnagar hay 

n 

1718 

14-0 

0-34 

0-82 

‘ Low— N ’ No. 2 

12 

1823 

14-8 

0«40 

0-81 

‘ Low— N ’ No. 1 

Average 

1695 

13-9 

0-32 

0*82 

i 
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Tmm 

Infiumce of the levd of faecal M. N. of mUk 


(Figure expres^d on daily basis) 


Serial' 

numboT 

Faecal 

D.M. 

gm. 

Mefeabolio nitrogen 

.Eatioii; „ 

Total 

gm. 

Pot 100 gm. 
food I).M. 
gm. 

Per 100 gm, 
faeoal D.M. 
gm. 




Sariam 

hiUotU 


13 

- 1860 

16*8 

0-42 

0*84 

‘Low— N’ No. 1 

14 .,. 

2006 

16-3 

0-34 

0-81 

do. No* 1 

15 

2020 

16-7 

0-30 

0-83 

do. No. 2 

Average, 

1962 

16*3 . 

0-35 

0'83 


16 

2047 

17-8 

0'35 

0-87 

‘Low-N’ N 0 .I 

n 

2145 

16-6 

0-41 

0-77 

do. 

18 

2224 

17-6 

0-36 

0*79 

do. 

Average 

2139 

17-3 

0*37 

0*81 




Table IV 

Influence of the level of faecal dry matter output on tfie M, F. N', of mtth 

(Figures expressed on daily basis) 


Serial 

number 

Faeoal 

D.M. 

gm. 

Metabolic nitrogen 

Ration 

Total 
gm. 1 

Per 100 gm. 
food D.M. 
gm. 

Per 100 gm. 
faecal D.M. 
gm. 




Kumaun btilh 

Ticks 


1 

836. 

6*49 

0-49 

0*98 

Wheat straw & salts 

2 

711 

6*11 

0-40 1 

0*86 

do. 

3 

■ 

6-87 

0*46 

0*92 

do.." 

Average 

671 

6‘16 

0-45 

0*92 
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"^ABJMlN—contd. 

Influence of the level of faecal dry fmtter mttput on the M. F. N. of cattle 


(Figures expressed on daily basis) 


Metabolic nitrogen 


Faecal 

D.M. 

gm. 


Serial 

number 


Ration 


Per 100 gjQ, 
faecal D.M. 
gm. 


Kumaon buUocks 


Wheat straw and salts 


Average 


Local bullocks 
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Table I?— co?2.«{2. 

hijlnence of the level of faecal dry matter output on the M, F. N. of eattle. 


(Figures expressed on daily Basis) 


Serial 

mimber 

Faecal 

.D.M, 

gm. 

Metabolic nitrogen 


Total 

gi3a. 

Per loo gm. 
food D.M. 
gm. 

Per 100 gm. 
faeeal D.M. 
gm. 





Local bii 

'Mocks 


7 

1165 

10-3 

0-43 

0-88 

‘ Low — ’ . No« 1 

8 

1201 

12-5 

0-22 ■ 

1-05 

Oat straw and salts 

9 

1202 

10-3 

0-42 

0-87 

‘ Low — N ’ No. 2 

Average 

1189 

11*0 

0-36 

0‘93 


10 

1368 

12-0 

0-35 

0-87 

‘ Ia)w— N ’ No. 2 

11 

1538 

15-8- 

0*27 

1-03 

Oat straw and salts 

12 

1686 

■ 

13-8 

0-38 

0-82 

Wheat straw and salts 

Average 

1531 

13-9 

0-33 

0-91 


13 

1710 

lC-7 

0-29 

0-98 

Oat straw and salts 

14 

1856 

16-0 

0-41 

0-86 

Wheat straw and salts 

15 

2024 

16-4 

0-41 

0-81 

do. 

Average 

1863 

16-4 

0-37 

*88 



(&) Experiments on rats 

Six male albino rats weighing 190 to 225 gm. were used in experiments 7 and 8. 
They were selected from a colony of homozygous animals bred in the laboratory. 
In experiment 7, they were offered a low-nitrogen fibre-free ration containing (ither 
extracted whole egg, dried below 60"C. After an interval of one week on a norma! 
stock diet the same rats were fed in experiment 8 a high-fibre diet which differed 
from the above mentioned ration only in the fibre content. Bach rat was also 
administered 30 micrograms of thiamine daily with food. Other vitamins w'ore 


June, im\ 


N. D. KEHAR AND R. MDKHERJEE 


121 


iiot added, since tlie experiments were of slioj't duration and the diet oontaiuod ot/g 
as one of the ingredients. Ferric oxide and barium sulphate were used as faeces 
ma rivers. The indicator mentioned first wms fed to the rats on the last dav of the 
pre-experimenta] and collection periods, while the latter was used on other diiys. 
Ferric oxide was found to be more satisfactory for the purpose of demarcating the 
laeces j)etween different periods than chromic oxide. The adjustment and collec- 
tion periods were respectively five and seven days in length. The fibre was prepared 
from ground -wheat straw by (1) boiling the straw with dilute (1-25 per cent)’ solution 
of sulphuric acid for hour, (2) washing with hot water to free it from acid, (3) boiling 
with dilute ('i’25 per cent) caustic soda solution for I Ixoury (4) washing with hob water 
to remove the alkali and finally (5) drying in the oven at 100 to 105°C . The fibre 
isolated in this way, contained only a negligible amount of nitrogen (O-Oi per cent N 
on dry basis). 

The rats were kept in individual metabolism cages made of galvanixied iron 
sheets and wire-netting. Tap water was supplied in the cages in small glass bottles 
fitted with corks and nozzles. The ration was offered to the rats in non-scat1:-n; food 
cups similar to that devised by McCollum and Simmonds [ 1929 J. With this 
arrangement there was practically no scattering of food when the latter w'as moistened 
wdth a small quantity of water to make the particles adliere to one another. The 
cages were placed on glass funnels (diameter 12 in) with short stem. TTie funnels Avere 
fixed over a wooden stand so that the stem remained in vertical position. For the 
quantitative separation of urine and faeces, a deAUce similar to that used by Ackroyd 
and Hopkins [ 1916] was employed. The small conical flasks (capacity 150 c.c.), 
in which urine was collected, were kept inside a large beaker (capacity 1,000 c.c.) 
and directly under the stem of the funnel. Since the value for the endogenous 
urinary nitrogen of the rats w^as required for another purpose, 1 c.c. of 25 per cent 
sulplinric acid was kept in the conical flasks every day in order to prevent loss of 
nitrogen. A few drops of a 10 per cent alcoholic solution of thymol were also placed 
daily at the bottom of the beakers for protecting the faeces from bacterial decompo- 
sition. Every twenty-four hours (during the collection period only), the urine and 
faeces Avere taken out and the funnel, bulb, etc., washed with small quantities of 
dilute (1 per cent) sulphuric acid and water ; tie AA^ashings were added to the urine. 

The faeces of the rats were transferred to individiial Petri dishes n.nd particles 
of food and -semen (if any), as well as adhering hair, were removed by mechanical 
means. The intact pellets of faeces Avere then Avashed Avith small quantities of a hot 
(about 80°C.) solution of dilute (2 per cent) acetic acid to free them from possible 
contamination with urine, the Avashings being added to the urine. The fixeces AA^ero 
then dried over a boiling water bath. The residues of individual animals, togetlier 
with a few food particles which would occasionally fall on the funnel were daily 
removed to Petri dishes and dried partially by placing in an oven for an hour or 
tAAm. This routine was followed every day during the collection period. At t!ie 
end of the experiment, the faeces and residue, corresponding to the oxperimentaf 
period Avere completely dried in the oven and weighed. The dried faeces Avere then 
ground in a glass mortar and the hair was carefully separated by sifting [ Roiiiieidcr, 
1935 ] ; total nitrogen was determined in the hair-free foeces. The dry matter arid 
nitrogen content of a representative sample of the ration was also detcu’mined at the 
same time, - _ , 
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Eesults and discussion 

(«) Experiments on entile 

The data ofXcvperiments 4, 4 (a), 5 and d, whicli wero (ditaiiied with l.wo I x pr's nf 
cattle, are presented in Table 11. It sliow.s tliat the total oNatretion o]‘ tittitabifiic, 
nitroifcn, as well as M. F. IST. expressed per KM") gin. of food (Iry iiia.tt(a’, wert' ui.a i'ke.d 
raised Avhen rations coiitairiing a high content of indigestible luatler wore fed. T]|,e 
rise in the. value of VL F. N. nearly corresponded to the inmiase in the jier'eenlago of 
indigestible matter in the diet. On the other hand, the M. F. N., when e.vjiressod in 
terms of faecal dry matter output, was lowered under the same conditions. 

The pooled data of all the experiments including those of the jirecialing [)aper. 
are arranged in Tables III and IV. A ‘reference to tJiosc two talile.s and pT figs. ;:,-t 
and 5 (reproduced in the next article pp. 37-;i9) load.s to the conchisiun tliafi wlnm 
the level of faecal dry matter output increases (a) tola! M.F. iN. steadilv risrs, a,ud 
(5) M. F. N., when stated on faecal dry matter basis, decr<-a.ses almost <*oiisisf,*n<lv, 
while (c) in the case of M.F. N. figures oxpres.se(i in terms of food drv ma,f.t('r. no' 
definite trend is noticed. 

(Ij) Experiments on rats 

The composition of tlie tibro-tree and high-fibre rations (‘or r.-its is recorded in 
Table Y. 

Table V 


Composition of low—N diets for rats 


Ingredients 

Higli-ftbro 

ration 

Fibi-u-fivo 

rai.ton 

Dried et.her-oxtracted who’s egg 

parts 

0 partH 

Salt mixture (Hubhel, Mendel and wakemau) 

2 piU'ts 

2 i)fa‘(.s 

Butter fat 

S parts 


parts 

Cod liver oil 




2 parts 

2 parts 

Sugar 

10 parts 

' 10 parta 

Sodium chloride 

.1 part 



I part 

Starch 

tit) jiartH 



7 U })art.s 

Marker (Fa^ O3 or Ba SOI) 

2 ])art.s 


2 parts 

Purified libre 

lo ])0ri:H 


0 jiarts 


— 

— ■ 

Total 

100 parts 

loo parts 
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Effect of dieimy fibre on the M. F. N. of rats 
{ Data expressed on daily basis ) 
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Rat 

number 

Body 

weight 

gm. 

Rood 

D.M. 

gm. 

Faecal 

D.M. 

Metabolic faecal niti’ogen 

Per 100 sm. 
food Diil. 
gm. 

Per 100 gm. 
faecal D.M. 
gm. 



Erpcfh 

nent 7 {fibre-) 

■ree ralion) 


1 

215 

8-98 

0-77 

0-18 

2*15 

2 

223 

8-95 

0-77 

0-19 

2*22 

S 

213 

9-07 

~0.71 

0-17 

2.20 

4 

203 

8.55 

0-82 

; 0-21 

2.15 

C 

206 

8-95 

0-68 

0-18 

; 2.42 . 

6 

212 

9-10 

0-89 

0.17 

1*72 

Averaffe 

212 

8-92 

0-77 

0-18 

2-14 

.0. V, 




7-4 

13*6 



Experiment 

5 {Mqh-fihre 

ration) 


1 

190 

9-10 

1.83 

0.23 

1.17 

2 

218 

9-15 

1-91 

0-25 

1-18 

3 

205 

9-15 

1-81 

0-23 

1-16 

4 

195 

9-13 

1-90 

0-24 

1.17 

5' 

225 

9-16 

1-86 

0-26 

1-27 

6 

215 

9-13 

1-87 

0-25 

1-20 

Average 

208 

914 

1-86 

0-24 

M9 

C.V. 



1 

3-9 

4-1 


Indigestible’ 

matter in 
ration 
per eent 


The observations on rats (experiments 7 and 8) are presented in Table VT 
This table shows that the food intakes on both rations were identical It o ! 
indicates that the M. P. IST. of rats (calculated in the traditional wav i e on foodrh 
matter basis) increases with a rise in the percentage of indigestible fibre in the ratirm 
This observation is in agreement with that of Mitchell [1924-]. Under similar conrr 
tions, the M. P. N. figure expressed on faecal dry matter basis decreases ThI 
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(a) Experiments on caitle 

Tt.fi data of cxperi.mmte4, 4 («), 5 and fi, wl.iol, wfiiv. nlrtain.ul wil l. (-«•„ I vi 
cattlfi, are presented in Mile II. It shows that the fcoU c.sfir<d;i»ii „l nifil, 
..itropen, as well a.s M. !<’. N. ex-ptessed pet 1(.K) gra. of food dry inatlcn', m. 
raised when rations containing a high content of mdigcstihlo i.iiitte woit. d. 
rise in the value of M.F. N. nearly corresponded to the mores, so in the tierce, do 
indigestihle matter in the diet. On the other hand the M. 1 ‘ . N., when expi.i,* 
terms of faecal dry matter output, was lowered undor the .saino condil ions. 

The pooled d.ita of all the experiments including those of the jirecodiiu! 

.are arranged in Tables III and IV. A reference to thc.so two tables and (o 
and 0 (reproduced in the next article pp. :)7-39) leads to the fimiclusion that 
the level of faecal dry matter output increases (n) total) M. If. N. stcaddy losc.s, 
(i5)) M.F. N., when stated on faecal diy niattor basis, de.in-o.-ise.s ainiosi, (;un.s!.<jA 
while' (c) in the case of M.F. N. figures expressed in terms of I’ooi! liry nia.tte 
definite trend is noticed. 


ki>.d 
i’he 
II of 


l.apm'. 


fi.ml, 

tiy, 


{b) Experiments on rats 

Tlie composition of the fibre-free and ]Ligii-(ll)re rations for nits is 
Table V, 


•er.ui'dtid in 


Table V 

Conijwsition of hw—N di(€s for rats 


Ingredients 

High-hbre 

ration 

Fibrc.fn'c 

ration 

Dried ethei'-e.\ti*acted whole egg 

fi part,s 

b parts 

Salt mixture (Hubbel, Mendel and wabomnn) 

2 parts 

2 parts 

33 utter fat 

tS par(,s 

** S parts 

God liver oil 

2 parts 

2 parts 

Sugar i 

10 parts 

10 parts 

Sodium chloride 

1 part 

1 part 

Starch ; a 

ri.T parl„s 

To parts 

Marker O3 or Ba S 04 ) 

2 jiarts 

2 parts 

Purified libre 

l/> parts 

0 pa,rts 

Total 

100 parts 

100 parlH 
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Table VI 

Effect ff dietary fibre on the M. F. N. of rata 


( Data expressed on daily basis ) 


;R,at 

number 

Body 
weight 
pn. : 

Pood 

D.M. 

gm. 

Paeoal 

D.M. 

gm. 

Metabolic faecal nitrogen 


Indigcstibie* 
matter in 
ratiorr 
per cant 

Per 100 gm. 
food D.M. 
gm. 

Per 100 ,gm. 
faecal D.M. 
gm, 

■ 



Ea-jMiriw 

ent 7 (fibre -f 

•ee ration) 



1 

2i5 

8-98 

0-77 

0-18 

2-15 



2 

223 

8-95 

0*77 

0-19 




3 

213 

9-07 

0-71 

0-17 

2-20 



4 

203 

8'55 

0-82 

0-21 

2-15 



3 

200 

8-95 

0*68 

0-18 

2<42 . 


- 9 

6 

' 212 

9-10 

0-89 

0-17 

■ 1-72 



.Average 

212 

8-92 

0-77 

0*18 

2-14 



■ C. V. 




7-4 

13-0 





Ex 2 )eriment 

8 (Jdqli-fibre 

'ration) 



1 

190 

9-10 

1-83 

0*23 

M7 



2 

218 

9-16 

1-91 

0-25 

M8 



3 

205 

9-15 

1-81 

0-23 

1-10 



4 

195 

9-13 

1-90 

0-24 

1>17 



6 

225 

9*16 

1-86 

0-26 

1-27 ' 


- 20 

6 

215 

9-13 

1-87 

0-25 

1-20 



Average 

208 

9-14 

1-86 

0-24 

M9 



av. 




3-9 

4-1 

J 



Tho oljvsorvations on rats (experiments 7 and 8) are presented in Table VI. 
This table shows tliat tlie food intakes on both rations were identical. It also 
indicates that the M. F. N. of rats (calculated in the traditional way, i.e., on food dry 
matter basis) increases with a rise in the percentage of indigestilde libro in the ration, 
This observation is in agreement with that of Mitchell [1924]. Under similar condi- 
tions, the M. F. N. ligure expressed on faecal dry matter basis decreases. These 


124 IV. INFLTJEKGE OF CEETAIN FAOTOBS ON METABOLIC, ETC. [Vol. XIX, Tatt Tl, 


■findings are in line with oui' results obtained on cattle (cf. Table 11). It is inlin'esi ing 
to note (cf. Tables II and VI) tliat the M. F. N. figures of cattle and. rats on raihons 
containing comparable amounts of indigestible matter arc nearly a.likc, Incideu" 
tally, the observations of rats (cf. Table VI) afford an oppo,rtunity of oxa, mining the 
applicability of the present authors’ method, of expressing the M, F. 'N. VVlum iho 
coefficients of variation (C. V.) of the individual M, F. N. data of rats arc coins i,<,lc rod, 
it is found that the new method of expressing M. F. JST. gives consistent results (O.V. -- 
4*1 per cent) when the ration is fairly high in indigestible fibre. With the fibre-free 
diet, however, there is closer agreement between the individual figures wdien they 
are stated on food dry matter basis ; nevertheless, in this case too the authors’ 
procedure of expressing M. F. N. can foe adopted without appreciable error (cf. 
C.V.=i:h6 per cent). These facts, therefore, lend further support to the proposed 
method. . 

SUMMARY AND CONOLUS.IONS 

The effect of two factors, namely the level of food consumption iiiid the amount 
of indigestible matter in the ration, on the M. F. N. of cattle and rats was st.udicd. 

The M. F. N. of cattle, exprossod either in terms of food intakes or IVun-al <lry 
matter output, was found to decrease with an increase in the level of food iiita.k<'. 

In cattle, as well as rats, the M. F. N. pot‘ 100 gm. lood dry ma.ttier was marloM Uy 
raised when rations ricli in indigestible matter wore tod. IJnde.r tlm same cirtauiisl an- 
oes the M. F. N. tlgure.s (.•.aiculated on faecal dry inat-ter hn.si.s wore lowanod.. 

The proposed method of expressing M. F. N. in terms of faecal dry matt.or < mtpiit , 
was applicable to rats as well as cattle. 

In cattle, when the level of faecal dry luittter excretion increased (a) total 
M. F. N. steadily rose and (6) M. F. N. (per 100 gm. laec.al dry mutter) iionsistently 
decreased. No definite trend could, howevm-, be noticed in the variation of iVl. F. N. 
figures calculated in the traditional way i.e., in terms of food dry matter consurnod. 
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STUDIES ON PROTEIN METABOLISM 

¥, AGBAPHICAL METHOD FOR DETERMINING THE META 
BOLIC FAECAL NITROGEN OF CATTLE 

By R. Mukheejee and N. D. Kehae, Indian Veterinaiy Researcli Institute, 
Izatnagar 

( Received for publication on 6 April 1948 ) 

( With five text figures ) 

T he two preceding papers of tins series [Mukherjee and Kekar, 1948 and 
Kekar and Mukkerjee, 1948] were concerned witli (a) improvements in tk- 
technique of estimating tke metabolic faecal nitrogen {M. F. N.) and (d) effect of 
certain factors on tire excretion of M. F. N. Tlie observations recorded tliorein 
suggested that M. F. N. of cattle depended more on tlie level of faecal dry 
matter output than on any other factor. It led us to consider if a knowledge of the 
cpiaatitative relationship between these two varitibles miglit prove useful in predict- 
ing the M. F. N. when the dry matter excretion in the faeces is known, A statistical 
treatment of the available data was, therefore, undertaken wntb a view t,o (i) explore 
the possibility of evolving a graphical method of estimating M. F. N. of cattle and 
(ii) interpret tlie data, so as to yield further information. 

Methods and mateeials 

The original data were obtained in experiments wliicli have already been recorded 
(Mukherjee and Keliar, loo cit). These data are summarized in Tables I and II for 
convenience of reference. 

Table I 


Swmmry of the data on Hariana bullochs 


Experiment 

number 

1 Ration 

Body 

weight 

lb. 

Faecal dry 
matter 
-=F.D.M. 
gm. 

Metabolic faceal N 

Total 

gm. 

Per 100 gm. 

F.D.M. 

gm, 

1 

‘ N-free ’ 

1180 

1276 

13-2 

1-03 

1 

do. 

894 

1473 

13’8 

0-94 

1 

do. 

86.3 

1400 

12-3 

0-88 

1(«) 

do. 

924 

9.35 

S-5 ■ 

091 

1(a) 

do. 

878 

885 

7-0 

0-86 

1(a) 

do. 

839 

1508 

14-S 

0-98 
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Table 1—mitd. 


Summary of the data on Hariana bullochs — coiitd. 


Experiment 

nnm'ber 

Eation 

Body 

weight 

lb. 

Faecal dry 
matter i 

=F.D.M. 
gm. 

1 Metabolic faooal N 

Total 

gm. 

1 'For 100 gm- 
F.D.M 
gm. 

. ■ 1 

2 1 

LoW'N No. 1 ] 

1210 

1860 

15-8 

0-85 

2 

do. 

946 

1823 

14-8 

(,)-80 

2 

do. 

947 ■ i 

2145 

16-6 

0-78 

2(a) 

do. 

979 

2047 

17-8 

0-87 

2(a} 

do. 

890 

2005 

I6-3 

■ 0*8! 

2(n) 

do. 

895 

2224 

17-6 

0-79 

3 

Low-N No. 2 

1186 

1385 

I24) ^ 

0-95 

S 

do. 

887 

1718 

14*8 

0-81 

3 

do. 

895 

2020 

16'7 

0-83 

9 

Izatnagar hay 

929 

1101 1 

10-3 

0-93 

9 

do. 

1010 

1377 

11-9 

0-98 

9 ■ 

■ . ■ 1 

do. 

1036 

1646 

12-9 

0*84 


Table II 


Summary of the data on local and Kummn huUochs 


Experiment 

number 

Eation 

Body . 
weight 1 

! Tb, ■ 

Faecal dry 
matter 
t=F.D.M. 
gm. 

Metabolic 

faecal N 

Total 

gra. 

Per 100 gm. 
F.D.M. 
gm. 



Local bullocks 



4 

‘ N-free ’ 

516 

896 

8-4 

0*94 

4 

do. 

588 

1066 

9-3 

0-88 

4 

do. 

660 

1044 

9-3 

0-90 

5 

Low-N No. 1 

536 

860 

8-9 

.1-05 

5 

do. 

670 

1082 

10-6 

0-98 
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Table II— 


Summary of the data on local and Kumaun Inillocks — ^contd. 


Experiment 

number 

Ration 

Body 

weight 

lb. 

Faecal dry 
matter 
=F.D.M. 

gm- 

Metobolic faecal N 

Total 

gm. 

Per 100 gm. 
F;D.M. 
gm. 



Local bullocks 



5 

Low-N No. 1 

CIO 

1165 

10-3 

0-88 

6 

Low-N No. 2 

570 

983 

9-8 

I-OO 

6 

do. 

540 

1202 

10-3 

0*86 







6 

do. 

630 

1368 

12*0 

0-87 

U 

Wheat .straw and 

824 

1856 

16-0 

0-87 


salts 





14 

do. j 

826 

2024 

16-4 , 

0*81 

14 

do. 

740 

1686 

13-8 

0*82 

16 

Oat straw and 

776 

1201 

12-5 

1*05 


salts 





15 

t do. 

812 

1538 

16-8 

1*03 

15 

do. 

804 

1710 

16<7 

098 



■ 

Ktmauu Imlloclcs 



11 

Wheat straw and 

264 

1 

1 556 ■ 

5-5 

099 


salts 





11 

do. 

276 

711 

6-1 

0 86 

11 

do. 

276 

747 

6-9 

0*01 , 

12 

do. 

275 

862 

7-7 

0 90 

■ 12 

do. 

280 

880 

7-1 

0-80 

12 

do, 

242 

784 

6-3 

0-80 

13 

do. 

244 

845 

7-1 

0-84 

13 

do. 

280 

987' 

8-2 

0-83 

13 

do. 

240 

840 

6-8 

0 80 

! ■ ' 


V. A GRAPHICAL MB'J.’HOD FOR 


DETERMlNimJ, E'1'0. [Vol. XIX. -PilTt il, 


Tlie resTiItfi of tlie statistical ajiaiysis ara])r«scnto(l in Tal>]<5 IH and rnpn'.snnhH 
graphically in. Figs. 1 and ‘2. 


Gorfelation coejjick'nts and mgi'esnion enuationn rekdwg dMily drij-uudici and 

faecal nitrogen 


'J’hcorelioal 
Foinwl at X per cpnt 
level 


r.B.M. (gm.) M.F.N. (gni.) j 



2'4SOPO'l)0?OrX 
1-ooft i-o-oorfisx 

0'O.X020-|()'0058»A 


•S,p.M.^3!aecal dry matter oxitput ; B.^V.^av. bndy-vpcight of unimalB daring expt. in ib. 

'** K.^Eiiniatm ; Ha«=Hariaiia and L<>»Local bullocks 
•**B:.S.«Highly signlfloant 

In order to deal with the data of anilnuls diileriiig widely in body- weight, sottto 
computations were .made by reducing one or both variables (arldtrarily) on the 
basis of 0*73 power of the rospectivo body-vreights. 

EeSULTS AKD DlSOtJSSlOH 

(a) Choice of the method 

Table III and Fig. 1 show that there is a linear relationship between the faecal 
dry inatter and the nietabolic faecal nitrogen data in the case of all the three types of 
cattle studied and the values of r, viz,, 0*92, 0*97 and 0-94: (cf. under A in Table III) 
indicate that the correlation is higlily significant. In fact, the correlation was 
closest between these two sets of variables. The correlation was not improved by 
reducing both these variables on the basis of 0*73 power of the body- weight. This 
is shown by the lower values of r, viz., 0*92, 0*86 and 0*85 (cf. under B in Table III). 
In both cases, however, the correlation was highly significani:. The graphs included 
in Figs. 1 and 2 have been drawn by making use of the regression equations given in 
the last column of Table III. The high value of r indicates that the M. F. N. of 
cattle can be estimated graphically with a fair degree of precision, if the faecal dry 
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matter output, is known. Por this purpose, a reduction of the variables on the basis 
of t)“7-l powei; of body weight offered no advantage. Precision suftered to a slightly 
gi'eater extent when the metabolic nitrogen was estimated by using the equations 
grouped under C in Table III. Hence, Figs. 1 and 2 (particularly the former) can be 
recommended for the graphical determination of metabolic faiGcal nitrogen of cattle. 
I’ll this metliod, the average daily output of faecal dry matter lias to be estimated 
experimentally. 



] . Relation between metabolic faecal nitrogen and level of faecal dry matter output 
(on daily basis) of cattle and rats 




^ ^ „ _ _ -iQeal “ - -- - - k- --/TifwawA CMc - - ~ 

The total uietabolio faecal nitrogen of cattle at increasing levels faecal dry matter output 
[NoTE.—The figiires in parentheses giYe daily output of faecal dry matter (gm.)!] 






I’lG, 5. The metabolic faecal nitrogen (expressed on faecal dry matter basis) of cattle at increasing 
levels of faecal dry matter output 

[Note. — iTaeoal dry matter output given in parentheses] 


I 
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Altlioii^li g()od liiiear relatioJisliip has l)CBri louiid lof dey nui,! I (U’juul iiiot’iti 

nitroo-eii (both vvitli. atid wMioiit raforonco to body weight raJ^^ed to 0'7:> |t((W<'.r), 
it is neiiossary to point out here tliat tills comdusion is striolly a'jfpiicii.ltlo If) tlio 
range witliin wiiicb observations were actually niade ; extrapolation lar^ bi^yorul 
the experimentally determined points may not, tliorolore, yield a.tMnp'atf*' iiilorma' 
tion. In other words, the predicted values of M. h\ N. will bo highly acc-urat.o. only 
when the level of faecal dry matter output is suliicionldy near the range ol observa- 
tions. Nevertheless, the range of usefulness can be easily widened l»y esi i mating 
the .faecal nitrogen output at reituired levels of faecal dry mattei’ oiitpul, using the 
simplified method developed by Mukherjee and Kebar [11)4HJ, 

An application of the graphical method proposed above will, (bnibtless, bo very 
useful in connection with investigations relating to the true digestibility ami bi(d(!»- 
gical value of the proteins of cattle feeds according to the 'rhonias-illitchcll un^tboil, 
Mitchell [1924]. 

(b) Effect of species and bread on ill. B\ N. 

In Fig. 2 the datn, olitained in our experiments on rai-s [V.f. Iveliar and I^liikhfU’jeo, 
1948] are also represented. It shows that the graph, corresponding to the ol^serva- 
tion on rats is very similar to those for cattle, 'riiis .suggests that the laws govoi'iiing 
the excretion of M. F. N. of rats and cattle are os.sentiall,y alike. The metabolie 
nitrogen of cattle is comparatively high, mainly becsuise they uonnaily consumt^ (a nd 
excrete) large amount of indigo.stible matter. 

Fig. 2 also shows that the graphs for the three typos of cattle difier to a small 
extent. This difference does not seem to be signj(i(iant, because tlie observationa on 
the three types of bullocks were not mad6*in identical experiments. The Kumann 
animals were fed a diet of constant composition in all the experiments, while in the 
caseofHarianaand local cattle, the rations differed widely in character. Further 
the body weight of the three types of animals were widely different (Kiimaun oittle, 
240 to 280 11). ; Hariana cattle, 839 to 1,210 lb. ; local cattle, 510 to 826 lb.). A 
consideration of these facts lead.s to the conclusion that breed characteri.stics do not 
affect the M. F. N. of cattle appreciably. 

■(c) Constant fraction of the M. F. N. 

■Referring again to Figs. 1 and 2 it is seen, that tlie straight linos reprosonting the 
regression etpiations cut the y-axis on extrapolation. The y-intercept (lUiirked 0 in 
the charts) may be called the constant fraction of the M. F. N. ac(a)rding to fho 
concept of Scluieider^ [1935], Schneider [1934, 1985], however. e.Htjibli.shed the 
•existence of this fraction in the case of rats and swine only, Tbe above-mentioned 
figures suggest that the constant fraction of M'.F.N. is a small part of the total M. F. 
N. when cattle consume an adequate amount of food. On comparing the y-int<n-cepts 
•of cattle and rats in Fig. 2 it appears that the con.stant iVaction is a comparatively 
large fraction of the total M. F. N. of fats since the latter consume rations whit'b a, re 
low in indigestible fibre. It must be empliasized at this point that the value of 
the constant traction cannot he estimated accurately from these figures, slmai the 
range of observations from which the graphs were plotted did not include very low 
levels of faecal dry matter output. 
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In contrast witli the above findings, Hntcliiiisoii and Morris [1936] concluded 
frojii experiments on goats and sheep that the constant fraction of the M. E. N. of 
these animals was a fairly large proportion of the total M'. E. N. A. critical examina- 
tion of their graph, however, shows that the scatter of the plotted data was too 
high to warrant a definite conclusion regarding the magnitude of the 0 (jnstant frac- 
tion. Further, it was implied in their argument that the faecal mtrogen output of 
these animals under fasting condition corresponded to an intake of food which was 
practically zero. This assumption, however, cannot be justified by other available 
facts. Mendel and Fine [1912], on the basis of their work on non-ruminants, stated 
that, fasting faeces are, in great part derived from retained faecal matter resulting 
from food immediately preceding the period of inanition.’ Observations of the 
present authors on fixstiug cattle (unpublished work) afford evidence that the faecal 
nitrogen (excretion during the first nine <lays of fast corresponds, as it wore, to a 
progressively lower intake of food. 

Summary and conclusions 

Statistical analysis of 42 metabolic nitrogen data, which have already been 
published by the present authors, is reported here. The existence of a highly 
significant linear relationship between tlie level of faecal dry matter output and the 
metabolic faecal nitrogen of cattle was established as a result of this study and a 
graphical method of estimating M. F. N. of cattle was thus developed. A comparison 
of the graphs for three types of cattle suggested that breed characteristics do not 
affect the M. F. N. of cattle appreciably. Evidence was also obtained fox the exist- 
ence of a, Gonsta,nt fraction of metabolic nitrogen in the case of cattle as in rats. 
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DIGESTTBILITY AND NUTRITIVE VALUE OE VSAR GRASS- 
HAY {8P0R0B0LVS ARABIGVS) 

By N. D. Kehab, S. C. Bay and S. S. Neoi, Animal Nutrition Section, Indian 
Veterinary Research Institute, Izatnagar 

(Received for publication on 17 July 1948) 

T he digestibility and the nutritive value of usar grass-hay have been 
investigated under a scheme of the 1. 0. A, R. to asses the feeding value of 
indigenous grasses. Usav grass as the name indicates, grows an usclt or barren 
land in which the permeability of water is hindered by the formation of alkali -salt 
hardpan a few inches below the surface. The soil moreover, contains excess ot 
sodium carlionate and sodium sulphate. Tlie hay used in the present investigation 
represents the October cut of the grass and was received through the courtesy of the 
Forest Department, U. P. Government . 

Chemical cotnposiiion of usar grcm-hay 

The chemical composition, together with that of some other varieties of 
indigenous grass-hays [Sen, 1938] is given in Table 1. 

Table I 


Percentage composition on dry basis q/’usar and of some cultwated and indigenous grass 

hays 



Organic constituents ^ 

Inorganic constituents 

Name of grass 

Total 

organic 

matter 

Crude 

protein 

Ether 

extract 

Crude 

fibre 

1 

N.F.E. 

3?otal 

carbohy- 

drates 

Total 

ash 

1 

CaO 

l\ 0 , 

Usar (Sporoho- 
lus ctrabieus) 

9M6 

0-12 

1-02 

.34-39 

84-02 

1 

8-84 

0-30 

0-30 

0-3,3 

Anjan {Penni- 
Mtum cm- 
chroidse) 

89-83 

4-87 

0-83 

32-91 

61-21 

84-12 

10-18 

0-36 

0-72 

f 

Dhub {Gyno- 
don dactylon) 

87-40 

IMO 

1-38 

18-38 

50-60 

74-96 

12-54 

0-49 

0-60 

Rhodes {CMoris 
gayana) 

90-92 

0-36 

1-16 

.39-31 

44-09 

83-40 

9-08 

0-42 

0-23 

Spear (Andro- 
pogon contor- 
lus) 

90-97 

2-07 

0-90 

1 

.38-32 

48-76 

87-07 

■ i 

9-03 

0-39 

0-18 


jf. 
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It is seen that usar grass-hay aoinparos fairly well with ihai. of Hhoihv; grass 
and some important minorals like lime and plnmphate, in ?/.sv/r nw «juile tionusl for 
a hay. Due perhaps to the soil in whieh it grows, a pnt*.uli{i,n(y of the hay is tha,t 
it contains a large amount of sodium and sulphur, hh-tun a, iiimilnu’ of .'uiaiyses ii; 
has })een .found that usually tlio sulphur and soda. ('ontont.s lie bthweenOdJ -0-H iuni 
1*5 — 2-2 per cent respectively. 

Digestibility and nutritive value 

Six adult Kumauni bullocks of an average weight of 241 lb. wore used for fe.eding 
experiment which lasted for 30 days, the first 18 days constituting the 
preliminary feeding period. For remaining 12 days, fiollec-tion bags wore fitted 
on the animals and after allowing two days to get the animals used to the. bags, 
twenty four hourly collections of excreta w<u‘e made during the Inst, ton days. 
Although the animals maintsiincf] a. genera.] healthy ;ip])<5aranc(^ during the iV,{idirig 
period they suiferod on the average thre(‘, |)(U’ <smt. dec-rease in weight., The ration 
of the experimental animals was ma.de u]) of (i) a scheduled ((uantit y of ra^ie-cake to 
meet the digestible proteiji rc<]uirement jilus half-ari-ounce of common salt, and 
(ii) usar grass ad Uhituni. 

The daily residues of usar grass during the e.Kporimental pci‘i{)d of ten days 
were collected separately for the individual animals and ac.conntix! for. In, Tahh^ 1 f 
is given the chemical composition oi‘ the feet ling stiiffe used, 


Table IT 


Gkemical composition on. dry basis of the feeding' stuffs 



Organic constituonts 

Inorganic constituents 


Total 

orgtanic 

matter 

Crude 
protein | 

Ether 
ox tract 

Crude 

fibre 

N.P.E. 

'Total 

earboliy* 

dratea 

'Total 

ash 

CaO 

Pa 

Os 

Usar hay 

91-16 

6-12 

1-02 

34-39 

49-63 

84-02 

4-84 

0-30 

0-33 

Rape-cake 

89-85 

36-61 

9-44 

8-81 

34-99 

43-80 

10-15 

M7 , 

1 

2-72 


In Table III is shown the food consumption including the average daily dry 
matter consumption of the hay per 100 lb. body weight. 


Table III 


Average daily consumrptimi on dry basis of j mis 


Animal 

number 

Average, live 
weight 1 
during the 
experiment 
lb. 

1 Consumption 

Usur grass 

gm. 

Rape-cake 

gm. 

'Potal 

gm. 

Usar grass per 100 lb.s. live 
weight 
gm. 

470 

250 

2343 

197-0 

2540-6 

937 

4G5 

229 

1881 

197-6 

2078-6 

822 

440 

236 

2139 

197-6 

2336-6 

907 

417 

264 

2358 

197-6 

2655-0 

8il3 

.374 

233 

1972 

197*6 

2169-6 

846 

359 

210 

1908 

197-6 

2105-6 

909 

Average 

237 

2100'2 

197-6 

2297-8 

886 


The hay was consumed at the rate of 886 gm. per 100 lb. body weight whicli. shows, 
that it was fairly palatable. The digestibility of usar grass was dotermivied by 
eliminating the nutrients digested from the rape-cake the digestibility co-elli(‘ients 
of which were obtained from data by Sen [1938]. 

The details of digestibility co-efficients for difterent co-nstituents of usar grass 
are worked out in Table IV. 


Table IV 

DigesHbility co-efficients 


— 

Crude 

protein 

Ether 

extract 

1 

Crude 

fibre 

1 

N.F.E. 

Total 

oa.rbo- 

hydratos 

Coiisumetl from 'imir 

Consumed Irom cake 

1 

Animal No., 

143-4 

72-3 

470 

23-9 

18-7 

1 805-7 i 

17-4 ! 

1163-0 

69-1 

1968-7 

86-5 

Total consumed | 

215-7 

42-6 

B23-1 

1232-1 

2055.2 
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Table JSf~>-contd. 



Crude 

protein 

Ether 

extract 

Crude 

fibre 

N.E.E. 

'fotal 

t-arbo- 

hydradtcH 

Excreted in faeces 

108-0 

X8-1 

461-6 

855-0 

1300*0 

Total digested 

106-8 

24-5 

371-1 

377-1 

748-0 

Digested from cake 

(51-6 

17-4 

7‘7 

51-3 

59-0 

Digested from war 

45-3 

7-1 

303-8 

325-8 

09H-0 

Digestibility co-efficients 

31-6 

29-7 

45-1 

28-0 

35-0 

' ' ' ■ 

Animal No. 

m 




Consamed from nsar 

M6-1 

1 19-9 

{i46-9 

033-5 

1580-0 

Codsumed from cako 

72-3 

18-7 

17-4 

09-1 ' 

180-5 

Total consumed i 

187-4 

38-0 

004-3 

1002-0 

1006-9 

Excreted in faeces 

77-0 

12-.I 

289-1 

644*9 

834-0 

Toted digested 

110-4 

20*5 

376-2 

457*7 ' 

832-9 

Digested from cake 

(>1-5 

17-4 

7-7 

51-3 

59-0 

Digested from usar 

48-9 

9-1 

307-5 

406-4 

773-9 

' 

Digestibility co-efficients 

42-5 

40-4 

56-8 : 

43-5 

149-0 


Animal No. 

440. 




Consnmed from usar 

: 130-9 

21-8 

736-5 

1001-5 

1707-0 

Consumed from cake 

72-3 

18-7 

17-4 

' 09-1 

80-5 

i'otal consumed 

203-2 

40-5 

752-9 

1 130-6 

1883-5 
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Table Vf — cmtd , 



Crude 

protein 

Ether 

extract 

Crude 
fibre 1 

N.F.E. 

Total 
oarbo- , 
hydrates 

Excreted in faeces 

87*1 

1 16-1 

386-6 

717-8 

1104-4 

Total digested 

1161 

25-4 

i 366-3 

412-8 

779*1 

Digested from cake 

61-5 

17-4 

1 7-7 

51-3 

59*0 

Digested from mar 

54*6 

8-0 

358-6 

361-5 

720-1 

Digestibility co-effioionts 

41-7 

36-0 

48-8 

34-i 

40-1 


Animal No. 

417 




Consumed from usar 

144-3 

24-1 

810-9 

1170-3 

1981-2 

Consumed from cake 

72-3 

18-7 

17-4 

69-1 

86-5 

Total consumed 

216-6 

^ 42-8 

828-3 

1239-4 

2067-7 

Excreted in feooes 

t)5-5 

14-2 

415-2 

759-5 

1174-7 

Total digested 

121-1 

28-6 

413-1 

479-9 

893-0 

Digested from cake 

(il-O 

17-4 

7-7 

61-3 

69-0 

Digested from lesar 

59-6 

11-2 

405-4 

428-6 

834-0 

Digestibility co-efficients 

41-3 

46-6 

50-0 

36-6 

42-1 


Animal No. 

374 




( U)nHum(id from «sar 1 

120-7 

20-1 

678-2 

978-7 

1656-9 

Consumed fVom cake 

72-3 

18-7 

17-4 

69-1 

86-6 

Total consumed 

193-0 I 

38-8 

695-6 

1 

1047-8 

1743-4 
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Table IV— <3o»c/4. 


— 

i Crude 

1 protein 

If 

Crude 

fibre 

N.V.K, 

I 'fetal 
j oar'bo- 
liy<lratos 

Excreted in faeces 

74-0 

13*3 

322*2 

611*7 

933*9 

Sf’otoZ digested ■ \ 

119*0 

26*5 

373*4 

436*1 

809*6 

Digested from cake 

61*5 

17*4 

7*7 

61*3 

u»*0 

Digested from usar 

57*6 

8*1 

366*7 

384*8 

760*6 

Digestibility co-effidonts 

47-G 

40-3 

53*9 

39*3 

45-3 


Animal No. 

S50 




Consumed from usar 

116-8 

19*5 

: 

666*1 

946*9 

1603*0 

Consumed from cake 

72*3 

18*7 

17*4 

69* 1 

80*6 

Total consumed 

189*1 

38*2 

673*6 

1016*0 

1089*6 

Excreted in faecas 

75*0 

11*0 

302*7 

685*8 

' 888*6 

Total digested 

114*1 

27*2 

370*8 

430*2 

801*0 

Digested from cake 

6I*S 

17*4 

7*7 

51*3 

69*0 

Digested fropi usar 

62*6 

9*8 

303*1 

378*9 

7*42*0 

Digestibility' co-eflioients | 

. : 45*1 

60-4 

65*3 

40*0 

46*3 


For comparison, tlie percentage composition and the digestibility (;o»efiici<}nts 
for mar grass are tabulated in Table Y along with figures for the other grasses 
mentioned abo-ve. 


June, 1949] 


m 


N. B. KEHAR. S. C. BAY ANP S. S. NEGI 

Table ¥ 

Percentage conipodtion on dry basis of iibslv and of some cultivated amd, indigenous 
grass hays 



Percentage composition 

Digostibility co-effioient 

Name of grass 

Crude 

protein 

Ether 

extract 

Total carbo- 
hydrates 

Crude 

protein 

Ether 

extract 

1 Total carbo- 
i hydrates 

Usar 

6-12 

1-02 

84-02 

42 

41 

43 

Anjan 

4-87 

0-83 

84-12 

35 

30 

59 

J)hvh 

IMO 

1-38 

74-98 

54 

27 

48 

Rhodes 

6-36 

MO 

83-40 

4!) 

38 

59 

Spear 

2-97 

0-96 

87-07 

nil. 

30 

57 


A perusal of data in Table V sliows that for a mature grass-hay the digestibility 
co-efficients of crude protein and ether extracts are fairly high and compare 
favourably with those of Rhodes grass-hay which is of similar composition. On 
account of of the low digestibility of the carbohydrates of usar grass-hay its energy 
value as represented by total digestible nutrients and starch equivalent is rather low 
(Table VI). 

Table VI 


Digestable nutrients in usar and in some cultivated and indigenous grass-hays 


Name of grass 

Per 100 lb. dry matter 

Per 100 lb. raw material 

Crude 

protein 

1 

Ether 

extract 

1 Total 
carbo- 
hydrates 

Total 

nutri- 

ents 

N utri- 
tive 
ratio 

Crude 

protein 

Total 

nutri- 

ents 

Starch 
equi- 
1 valent 

Vsar 

2-57 

0-42 

36-13 

39-65 

14-4 

2-31 

1 

35-69 

17-5 

Anjan 

1-17 

0-25 

49-03 

51-90 

30-3 

1-05 

40-71 

29-2 

DMh 

6-04 

0-38 

35-16 

43-05 

6-1 

5-44 

38-75 

28-7 

Rhodes 

3-11 

0-45 

48-91 

53-02 

10-1 

2-80 

47;-72 

20-9 

Spear 

0-00 

0-35 

49-91 

50-71 


0-00 

45-04 1 

25-6 
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Calcimn, phospJioms and nitrogen halances 

Under the dietetie condition of the above dij^eHtibility trial, ('nlciuui. (hospliniw 

and nitrogen balances of the experirneiifcal aniniaLs have been tloUuiuiiiet <uif lo 

data are given in Table VII, 

Table VII 


Calcium, phosjihorus and nitrogen balances per day 


Animal 

number 

Intake 

Output 

Balaii 

gm. 

U^or-hay 

gm. 

Rape- cake 
gm. 

Total 

gm. 

Faccea 

gm. 

Uriue 

gm. 

'total 

gm. 





Gakium 




470 

5-02 

1-65 

(v07 

‘)-21 

2-03 



465 

4-03 

1-65 

5-68 

(i'bO 

2-2!) 

S-79 

■ :m 

440 

4-5S 

1*65 

{?-23 

7-42 

2-«.5 

Ut07 


417 

5-05 

1-65 

0-70 

H-90 

l‘5<) 

l(}-58 ' 

- 4i‘M 

374 

4-23 

1-65 

5-88 

7-40 

2-31 ' 

{)-71 


859 

4*09 

1-C6 

6'74 

6-55 

1-03 

8'1« 

™2*.1 

Average 

4-50 

1-65 

G-16 

7-GB 

2<0S 

0>70 



Phoaphorm 


470 ' 

3-38 

2-35 

5-73 

7-12 

0-05 

■ 7*17 

J.. 14 ■ , 


465 

2-71 

2*35 

5'06 

5-63 

0-03 

5«66 

-~04:io 


440 

3-08 

2-35 

5-43 

6-.39 

0-05 

6-44 

-.-4-01 


4H 

3*40 

2-35 

5-76 

6-45 

0-06 

6-61 

0'7(! 

H 

374 

2-84 

2-35 

5-19 

6-79 

0-04 

6-83 

—o-ni. 


359 

2-75 

2-35 

5-10 

■ '■ 5-69 

0-06 

6<74 

■ ,~~(,HS4 


Average 

3-03 

' 2-35 

■ ■ 5-38 

6-18 

0*05 

0’23 
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I'- 




Xiitiilio 

Output 

jBalaiico 

Animal 


. 

.. 





Kunitci’ 

Umr-hny 

i la])C Ciilit; 

'Potal 

.t'acctis 

Urim! 

'.rotfil 

gm. 


gra. 

gm. 

gm. 

■ 

gm. 

gJ«- 

gm. 






NHrofjiiit 


■ 


470 

'2-1-U 

II -oS 

34-52 

17*42 

18-00 

30-08 

— 1-50 

•tor) 

IS- 

ll-aS 

30-00 

12-32 

17-5S 

20-00 

+ 0*10 

410 

30.y-i 

li-3S 

32-52 

1.3*114 

.10*78 

33*72 

—1*30 

417 

23-09 

1 l-.jS 

34*07 

15*28 

1,S*72 

34-00 

-{0*67. 

37 1 

19-31 

11 -OS 

i .30-.su 

11-82 

l7*,-.4 

30-30 

-j,;i>ra . 

;py.) 

:is-ii4 

11-r.s 

.30-22 

1 2-00 

1(*-U2 

28-02 

.+1-30 

A rovc/<- 


11-5S 

1 32-14 

13-, SO 

IS -iU 

33-00 

-1-0-I4 


It is SOCK lV)in. i iio LaJaiicc diiia tlud in, spile (frii(Ic(.|iiuic supplies Dfralcium and 
])hospliofus. llie oaleijinji balance i.s dofijul oly nep^ni ivo and pliospliorns also to , smaller 
cxieut. Altliougli t]u‘, avorage Jiitvogon balance is positive, two out of six animals 
slio'wcd a, neuative Lalanoe. Fi-oin llic iigurcs of unijiii.y excretion it appears tliat, 
a large portion of iFo alxsorbed nilrogcn is simply (Icaiiiinalod and excreted through 
the. kidney. The negative mineral balance and high nitrogtiuoiis excretions in 
urine suggest that iindei: n,so/’ grass feeding, the physiological 1 meehanism ol tiro 
ntili.satiun of luitrionts is se.rionsly iqiset. Tins may be possibly due to the 
unusually high soda and snlplmr coiitcut, Furlher work is in progress. 

How far the disturbed, tnetahollsin, as revealed by the baianee jiguros, has 
aileeted the digestibility of the grass ca.nno1'. be a.s.sossed: rom the })r0)5J^nt data. 
J>ut; during the short period of ox})oriment the post absorptive niotabolism of llie 
nutrients is unlikely to ha,ve ai.i_y marked iirflueiiee oir a'pparent dige-stibiJity and the 
ligiii'cs ('-an be accc^pic'd as lair appro .v it na, I. ions of t he. digest ibilif y cfoellieients. 


tSUMAIAUV 


The digestibility trail eouduetod with nialure Msa/'gra.s.s-huy showed that the 
hay is palatable. '^Fhe digestibility co-oirieients of its (‘.rude jn'otein, ether extract 
anti total carbohydrates are 12, ‘11 and 43 rospectivciy and the nutrii Wo A'ahn^ calcii- 
hdetl was found to be 2*57 ll.>. digestible crude protein, db'do lb. total digt'.stibie 
nutrients and 19'1 ib. starelv ecjuivaient per 100 lb. of dry hay, 

■ ■ ■ L 









I4f:> 


niOfiSTABlhlTY AND NUTIUTIVE VALUE OE HAY [V ol XfX, 


«n<l tiKnai'se cxorotiou ol' ui'inaty 

HBBEKENOIjS 

&,i, K. c. (ui;is). .y«- ‘’"v- 


SlU llilual' tillin' .yl'lla-- fl'i/ 
smd ■j)!i.os])lio!'us ludiUH-t^ 


THE COMPOSITION OF SOME INDIAN FISHMEALfi 

By S. S. Nbgi, Animal Nutrition Section, Indian Veterinary Re.seai’c’h Institute^ 
Izatnagar 

(Received for publication on 28 September 1948) 

T he quantitative shortage and qualitative inferiority of stoclc-feeds in India 
are well known. To meet these dietetic limitations attempts are being made 
to augment agricultural productions and also to explore newer sources of feed for 
cattle. Recently attention has been focussed on the possibility of using fishmeal in 
the dietary of cattle. In Europe and America fishmeals are fed extensively to 
swine and in limited quantities to other stock, such as milch cattle, young calves 
and poultry. The preference for the meal is due to its quantitative richness in 
protein. Being of animal origin the protein contains the essential amino acids that 
are lacking in plant products. In contrast to other meals of animal origin, fish- 
meals contain in balanced proportions large quantities of important mineral matters, 
such as calcium and phosphorus. It has also been found that the inclusion of a 
small quantiity of fishmeal in an ordinary ration produces a marked increase in the 
utilization of the feed. There is, however, some prejudice against its use in stock 
feeding due to the following handicaps : 

Whenever tlie fat content in the meal is above three per cent, it imparts a smell 
either to the milk or the meat from animals that are led on it. This smell can, 
however, be eliminated by reducing the oil content in the product below three per 
cent and feeding it at a limited proportion in the ration. 

Secondly, difficulty, is encountered in the storage of fishmeal. Two factors 
moisture and fat, play important roles in the storagability of the product. It has 
been found that the keeping quality can be considerably improved if the moisture 
content is brought below ten per cent and fat below three per cent. 

The present samples represent the average products and were received from the 
Special Officer, Fish Manure Industry, Calicut. The species from which meals 
have been obtained are given in Table I. In some cases meals have been prepared 
from whole fish or from such parts as shells, head, liver, etc. Some of the speciea 
have been prepared by more than one standard method. 

‘ Beach diying ’ and ‘ cooking and pressing ’ are the two most favourite methods 
of manufacture. These methods as indicated by the Department of Fisheries are as 
follows : 

‘ Beach dried ’ fishmeal is prepared by spreading the fish on the beach sand 
individually for drying in the open sun without being cooked and turned over from 
time to time. Thin fish dries quickly but some sand sticks to the fish in the process, 
of drying. This is then heated to 80 °C. and garbled well so as to remove sand. It 
is then powdereil, sieved, fried and stored in tins. 
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‘ (.'uoked and ])ressed ’ fi.sliineiil is prepared by headiu^i the (isb in a jacketted 
vessel imder gentle bent till the fia'h is well cooked and sioatn is deytdnped tVcin i-Ue 
cooking mass. It is then pressed in. bags of thkik filter clotli in vert icai .s(‘rc\v proHseR 
worked by hand. The press (iake is broken into shreatls, drbul. ])o\vd(M’(!d, sieved, 
fried and filled while hot in tins. 

Table I • ■■ ■ 


The. species from which meals have been obtained 


No. 

Naino of .species 

No. 

Name of species 

1 

1 Blue Mussel {Myiihis viruUs) 

i 8 

Kibbou fish {TricMunia ajp.) 

■ '2 ■ 

Cliauk [Twhinfliapyrwn) 

9 

8ardiue, {HuniineUa JimbrMa.) 

3 

Uiam (Meretrix i?p,} 

10 

Shark {(Utn'huriaa ap,) 

.. 4 

Mackerel {.RmlreUiiiger kanaguria) 

11 

Star fish {PenUmnia ap.) 

5 

iVIauthal {Oynioghmtti scmifasciatm) 

,12 

White bait (tStol ephmittaioi} 

0 

Oil sardine {i^nrdinella Jongkepa) 

13 

(Jnknown 

. 7 : 

Prawn (PeKCMs ap.) 




In Tables il and III is given respectively the organic and iiiorgn-nic; (‘(nuposilbn 
of fishineals obtained from the diflerent species. There is a wide variation in the 
composition. The .moisture content varies from 3*51 to 16*00 per cent. As pre- 
viously indicated the moisture figure in a good quality meal should not e.vceod ton 
per cent. ITgually the organic matter lies between 77*22 to 86*69 and cru<le proioin 
between Ci*75 to 81*75 pei- cent. The samples low in organic matter ;yo the ones 
that are also low in crude protein and vice versa. Star fish is a sli<dl llsh a,nd its 
high ash content accouute for the low figures obtained for organic matter ami crudcj 
protein. The high insoluble ash or ‘ silica * in sardines and the high ‘ silica ’ <‘oinbined 
with excess of sodium chloride in poultry meal made of fish of unknown species 
account for their low figures for organic matter and crude protein. The <lcsired 
figure of three per cent for fat is exceeded appreeiablj^ in oil sardine but only ve.ry 
slightly in clam, sardine and white bait. The carbohydiutes though (patc^ sig,uirica.nfc 
in blue mussel and clam are usually negligible in other samples. Meals from 
mackerel, manthal, oil sardine, ribbon fish, shark and white bait a, re well bulaiu-tul 
with regard to protein, lime and phosphate. In sardines and the ineui of unknown 
species though calcium and phosphorus are well balanced witli respect to tuic.h otlun* 
the protein content is rather low for a good quality meal. Moreover in the. moal 
;hom unknown species the salt content is about 20 per cent though a maximum 
figure of four per cent is desirable. Although the protein content is uptinium 
the value of blue mussel, chunk, clam and prawn has sullered due to their low 
calcium and phosphorus contents. On the other hand, the oxc(}ssive mineral matter 
m the star fishmeal considerably jeopardises its merit as a protein feed. 
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Table II 

CompoHition of fishmeals from dijffenmt speHen offah 


Organic constituents (per cent on dry basis) 


Species of 
fisb 

; 

Moisture i 

Total 

organic 

matter 

Ether 

1 extract 

Oarbo- 

Uydrate 

Crude 

protein 

True 

protein ... 

Bine mussel 

12-54 

86.49 

1-86 ■ 

17-89 

66-7o 

60-03 

(Jhank i 

lfi-00 

8(i-()9 

1-36 ! 

.6-32 ■ 1 

79-01 

69*30 

Clam i 

9-74 

86-12 

3-88 

16-39 

66-85 

59*96 

Mackerel 

12-7S 

82-94 

0-92 i 

.6-28 j 

76-74 

72-89 

Manthal 

i ii-38 

77-22 

M4 

ml ■■ 

SO-70 

72-09 

Oil sardim; 

i 

80-64 

6-29 i 

6-66 1 

69-79 

67-33 

Pra-wm 

i 1<)*53 

90-17 

1-78 

2-61 ‘ 

. 86-78 

73-U 

Ribbon fish 

12-63 

' 84-47 : 

0-66 1 

2-06 

81-75 

79-07 

Sardine 

! ' 5-07 

60-92 

3-67 • 

6-80 

50-55 

44-01 

Shark 

il-f)) 

85-27 1 

1-67 

nil. ' 

83-98 

73-88 

Star iiab 

1 3-61 

18-83 

0-13 

\ 10-90 ■ 

7-80 1 

6-61 

White bait 

11-98 I 

77-89 

3-63 

0-63 i 

73-83 

67-31 

Unknown* 

■ 14-28 : 

46-68 

! 1-03 

i 0-13 

1: 1 

46-22 

■ ■■ ■: ; 1 

32-46 


Mf'nl for poultry 


Table III 

(Jonipodtifm of jUhneah from different sppcies of fish 


Inorganic constituents (per cent on dry basis) 


Species of hali | 

Total 

ash 

....! 

Insolu- 
ble ash 

fJaO 


MgO 

KaO 

NaaO, 

Cl 

Blue mussel 1 

14-51 

. ■ 

2-68 ! 

1-21 

1-84 

1-65 

0-82 

3-24 

0-94 

Chunk 1 

33-31 

5-63 1 

1-65 

1-31 

2-60 

1-41 

0-99 1 

0-04 

Clam 1 

13-88 

2-22 ' 

1-99 

2-66 

1-63 

0-76 

2-66 

1-53 


17-06 

1-65 

0-17 

I 6-63 

1-93 

1-52 

0-29' , 

0-0.4 

Manthal 

22-78 

1-31 

8-31 

. 8-00 

, 1-12 

, 1-83 

0-86 

0-98 

Oil sardme 

19-36 

0-82 

8-31 

7-49 

1-05 

0-89 1 

j 0-96 

0-04 

Prawn 

9-83 

1.91 

1 .1-36 . 

2*46 

0-63 

1-70 

1 1-34 

1-24 

Ribbon lisli 

15-63 

0-98 

! 6-49 ' 

5-68 ! 

1-89 i 

■ 1-63 

1 0-06 

0-00 

Sardine 

30-08 

10-82 

13-19 

10-74 

0-71 

^ 1-18 

0-40 

0*63 

Shark 

14-73 

1-74 

3*81 

3-93 ' 

0-99 

0-73 

1-83 

" 1-49- 

Star fish 1 

81-17 i 

0-59 

40-68 

0-16 

9-63 

1-07 

0-96 j 

0-58 

W'hite bait 

22-11 

1-79 

9*13 

8-64 

1-97 

1-38 / 

0-40 

0-03 

Uiikno-\nx* i 

53-32 

11*07 

10-46 

7-00 

1-94 

1-48 1 

1]*43 ' 

U-19 


* Meal for poultry 
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COMPOSITION OF SOME INDIAN FISHMBALS [Vol. Xl-X, Pai‘fc II, 


Tlie meal fixwn the shells of the prawns coiitains a largo amount of ash as com- 
pared to the meal from the idiole fish. The high ash is also aceompfinied by high 
calcium and phosphorus. This increase in a,sh brings about a reduc-.tion in tlio 
percentage of organic matter and also of protein. The high protein content ol the 
whole fishmeal makes it a better feeding stuff as the calcium and phospliorus require- 
ments can be met from cheaper sources. There is little difference between the rncal 
made from the whole sardines and that made from the sardine heads. Both the 
sardine meals however contain oil over three per cent which would preclude their 
use in the feeding of milch cattle to avoid fishy smell in the milk. Shark head meal 
is better than the liver meal for reasons more than one. The protein, calcium and 
phosphorus are considerably higher in the head meal than the liver inoal. Tlio 
latter contains for too much oil to be of any general use in the feeding of animals. 

Table IV 


Composition oj fishmeals from different jmis of the swme jlsh 
Orgaiiic ooaBtifciients (per cent on dr^,'' basis) 


TJescription of meal 

Moisture 

Total 
organic 
' matter 

i 

Ether 

extract 

■ 

Carbo- 

Iiydrivle 

Crude 

protein 

Truf! 

protein 


10-53 

90-17 

1-78 

2-61 

75-78 

73-1 1 

Prawn -shells 

6-16 

69-07 

0-90 

12-83 

55-!).< 

-12-(I5 

Bardine-wholc 

6-07 

60-92 

3-57 

6-80 

50-55 

4-t-Ol 

Sardine heads 

10-« 

65-61 

.3-10 

8-88 

53-57 

45-89 

Shark head meal 

, 11-61 

86-27 

1-67 

nil 

s:{-!)s 

73*88 

Shark liver meal 

8-00 

82-76 

18-13 

28-21 

36-42 

33*2!) 


Table V 

Composition of fishmeals from different pa/rts of the same Jish 

Inorganic constitnents (per cent on dry basis) 


Description of meal 

Total 

ash 

Insolu- 
ble ash 

CaO 

I 

MgO 

KjO 

Na^O 

Cl 

Prawn whole 

9-83 

1-91 

1-36 

2-46 

0-63 

1-70 

1-34 . 

1-24 

Prawn-shells 

30-33 

8-20 

.7-36 

4-00 

1-25 

1-36 

2-46 ' 

;5-04 

Sardine-whole 

39-08 

10-82 

13-19 

10.74 

0-71 

1-18 

0-40 

0-53 

Sardine heads 

34-39 

6-00 

13-69 

10-87 

0-70 

1 

0-76 

0-76 

0-87 

Shark head meal 

14-73 

1-74 

3-81 

3-93 

0-99 j 

0-70. 

1-83 

1-49 

Shark liven- meal 

17-24 

1-98 

2-63 

1-41 

1-46 1 

0-71 

4-70 

4-00 
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In Tables VI and A^II is given tlie cliemical composition of meals as aflected by 
(lillerent inetLods of preparfition. In tlie case of the mackerel samples, except for 
specific monHonin the case of one sample which was marked ® cooked and pressed ’ 
the methods of preparation were not su])plied to us. In tlie case, of maiithal and 
■prawn the method of preparation was clearly stated. AA^lien the data of' these 
sam])Ies are perused it is seen that the protein content of the samples ‘ cooked and 
]nessed ' is higher than those of ‘ beach dried This apparently large protein 
content linds explanation from the figure of total ash. ‘ Beach dried ^ samples 
contain a significantly larger quantity of ash. The insoluble ash or ‘ silica ’ is also 
marked higli. Tliese observations suggest that " beach dried ’ samples in the course 
of preparation collect considerable amount of extraneous material sucli as dust and 
sand. Ijime and phosphafe content of ‘beach dried ’ manthal is lower than that 
of the ‘cooked and pressed’ sample. The prawn samples are rather remarkable 
in their widely variable disposition in these two minerals. In this case both the 
cousf itueiits of ‘ beach dried ’ meal are markedly higher than those of ‘ cooked and 
pressed * meal 'Witli the limiteil information in hand it is difficult to explain this 
apparcuf (lis<*r6pancy. The data in Talde VII also suggests that the beach dried 
samples contain sliglitly more .sodium chloride which may liave lieen picked up 
externally. 


Table \^I 

Coiiipos{/i<>}i- of Jlslntical'i p)ypair(J from Ihe mine fish Inj (UffereMl mdho(h 


<3rgiini(^ eonstitiionts (por eont on dry basis) 


ncMTipHoii III moal 

Moisture j 

j 

'rntal 

mat ter 

Etlier 

ext.niet 

(’a.rbo- 

liydrat.c 

Crude 

proteiii 

'rni0 

pnjteiii 

Mackerel 



0-92 

.r-iS 

7t!'7l 

72-S7 

i\L'i V kf rel — w >uk t’d a t ul 

pre.s,scd 


s:P07 

:mii 

-14'.0 

7 l-5(i 

(i74>:l 

.M>U'lv:ei'el meal 

7-Sl 

sr,.Ls 

.'e2.S 


7:M:4 

7M:i 

MtuUbal- -beneh <irieil 






5.'!'. So 

5fautlial- -cooked and 
jffos.sed 


77.-‘ 

Ml 

Nil 

.Sl)‘70 

72'0!) 

I’viuvii — )>e:ie]i dried 

I 

1 :-b49 


1-17 


()4'?.S 

;i!'SI 

I’j'iiwn — cooked .and presKcd 

j 

) 

!HM7 

J 

■1-7S 

•_'-r,i 

8.1-78 

7rMi 
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VI r 

CniH jiii.'<>{ioii of prrjiiinil Jfi>!n f/ir hif tbjjnrtil 

,inoi\!';inic! outisilim'ijtsi (per eoiit uii dry busi?;) 


J of tiicii.i 

'total 

asii 

tusiihiblc 

aali 

Cat.) 

\\p. 

MyO 

KJ) 

HiiJ > 

t'i 

MiU'koivl 

I7-(m 

!-(w 

0-17 

(t’O,*} 

f-tld 

i-r.2 


e-ni 

M'iiL'kcn'i •- i;iiuk'-(l iuiii jin'-SHCil 

m-atj 

,o.-, 

l)-t)S 

ti-4'2 

o-r>:5 

l-tlO 



,\Lu;koi‘L-l iiical 

1 t-oii 

e-;tl 

(i-in 

It- !2 

i-it 

e-7:s 

((■to 

. . 

(I'Ol 

\i,:iullui[ -iH'afh (triuil 

.‘t4-7!) 

1 17-00 

(l-OII 


i-jf 

1-87 

1 -a t 

i-r.a 

Mfuiiliai --i‘uoki‘il iUiil |iri“ssc(l 


! i-m 

.S-31 

.S-(U» 

i-t^ 


e-so 

j (M).S , 

Priiwu-— ili'iati 1 


1 Mtli 1 

(! 1:5 

■(•:{7 

<)•',)!. 

i-.s;} 

1 

1 1-7!) 

l'r.o\ii-' -i'ook».;i| lunl pn-.s.^ii’d j 

'.i-s:? 

HU 

]-;bi 


n-(i;} 

i-7e i 

l-at 

1-JI 


(bNidiUKiON AND 81'iMAlAUy 

Tlift wi(i<}ly vanalfle t'onqm.siiion nf lifiluiwa.ls .su^K^ists suilji.hlo iilmidiin^ 
and gr.'idijig balure they cati. ba iisad, as sluclv (bofls. Shu.' fisli bliungii not a, 

very valnuhle feed by i(. self (.-fin siiinably be us^^d iti mixing with other tneat.ls liki? 
i'lnase from Idue nuisse], t'liank and (dam wliiith ha\'o a high, protein and low cah-imii 
and phosphui'us contents. If tiu^ blending aaid, grading a.re> cartahal out- sin'cessfully 
and the (;o!i)p(»suion of lisliiiKad sDindurdized with the •prodiiets in, nse in oversf^as 
eount.ric.s, a. pound, of tisitnma.I on digestible protein basis would lei almost (ajuiva.h*.n,t 
to two and ha, If [loiinds of ('oimiionly availaldo (.'■oneentrade, nuxtiio^s led to ca.liio in 
India. 
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INHBRITxCNCafi Qi^ SYNDAGTYLISM IN HA HI ANA BEBED 01 

CATTLE 

By Sultan Sin&h, Department of Agrieulturej United Province « and l\ Bhatta- 
CHARYA, Animal Genetics Section, Indian Veterinary liosearcli Institute, 
Izatnagar ■ 

(Beeeived for publication on 13 October 1948) 

(With three text-figures and Mate V) 

M ost congenital abnormalities found in liyestock effect tiieir economic utility 
Tliey are, therefore, of considerable importance in animal breeding and 
production, specially when they haye some hereditary basis. Leriier [1 944] has listed 
all the structural abnormalities in Farm animals, wbicli have been accepted as herit- 
able. Hutt [1946] has also pointed out some hereditary structural and pliysiologieal 
abnormalities in domestic animals and has disoiissed the nature of their inheritance 
and implication. Atkeson et al [1943] reported on bowed pasterns in the hind 
legs of jersey cattle. The effected pastern is turned a little outward from its normal 
alignment, causing the hoof to be placed on the grountl witli an inward angle, and 
interfering with quick movement of the animal. The deformity is of a varying 
nature and, though more readily seen in adults, is unrloubtedly cotigenital. Tlie 
mode of its inheritance is, iiowever, not certain. Mead of, al [1043] have reported 
Flexed Pasterns in Jersey cattle, where the fore-feet were invariably affected, though 
at times iinequally. Iii severe cases the hoof siniidy turns back at the pastern and 
the calf can at best strut about on kniicldes. Severity is generally maximum at 
birth and is normally overcome in about two months tinnu Idle defect appears 
to be of the non-hereditary as well as liereditary-single autosomal recessive type. 
In Hereford cattle, Morrill [1945] has recorded the appearance of an extra appendage 
or toe in the fore-feet of the male calves only. As the animals grow, fheir feet 
become tender and lame, and tlie factor has been described as sub-lethal in effect. 
It appears to be a sex-linked recessive character, only half the male progeny sons 
of carrier females showing the defect. Reduced phalanges is another defect reported 
in cattle, In this condition, reported liy Johauson in Sweden [Hutt, 194(1], the 
legs are normal but both raeta-carpa}s and meta-tarsals ai‘e considerably shortened 
and the first two phalanges are missing in both digits of all four-feet. The third 
phalanges and hooves are normal. But as the hooves are attached by only half 
an inch of skin and tendons, they become useless loose appendages which bend 
aside 3 vhen the calves try to stand. As a result, the calves can only crawl about 
on their knees and hocis. The character is considered as sub-lethal, since the 
calves cannot survive without special attention. In a study of 13 smdi creeper 
calves, it was found t hat they had a eommon origin and arose as a result of inhreed- 
ing. and that a single recessive gene was responsible for the delect. Ross and 
collaborators [1.944] have described the occiirance of syndactylism in the hind' feet 
of swine due to prenatal malnutrition. Postnatal feeding on minerals and vitamin.s 
did not help and tlie affected, animals died. 
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In India all abnornialitios of the foot or log wliidi affed ilio. loouuintivltv of 
tKe cattle are of special significance as oxen provide by far tlio largt'-st motive power 
in tbe Indian agrarian economy. Tlie subject of tbo pre‘-ent. })apor, luimciy, fSyndacv' 
tylism of tlie fore-feet in Hariana Breed of Cattle, stationed at Madlmrikimd Cattb? 
Farm at Muttra (IJ.P.), was first noticed in 19B7 and was reported ])y one of tbe 
antliors [S. Singli] in 1942. 

In bovines, the normal hoof is bifurcated and ha,s a wider solar surface at the 
bottom than at the top. The defect reported herein consisted of uncloven hoof 
but not quite like the equine hoof. It rather resembled an inverted, cone with 
its broad end attached to the pastern and the point and a side in contact with the 
ground. The surface of foot-and-ground (lontact was thus comparatively very 
small, making balanced (.‘arriage of the body and its efficient movement difficult. 
However, only the fore-feet were affected and the atninals moved a])out w'ith ii 
limping gait. Of the 11 abnormal calves observed, two were males and nine females 
(Table I). With the exception of one female calf, all the other calves showed tlui 
defect bilaterally ill the fore-feet (Plate V, fig. 1). This female calf, however, 
showed the defect only in the right fore-feet (Plate V, fig. 2), 


Tabli.1 T 


Syndaotyle Harium cahes horn hckmen W37 and lOdL Madharikund Cattle Farm, 
Muttra, U.P. » 


Serial 







ntuu- 

ber 

Brand number 

Birth date 

Sex 

Sire 

'.Dam 

Eemarks 

1 

^ 983/68(49) 

18-8-38 

$ 

666 

089 

Only the right fore-foot 


40/49(27) 

Niim 





1 affected 

2 

S 

14-4-39 
20-3-40 1 

? 

? 

277 

373 

841 

841 

Both fore-feet affected 

I do. 

4 

(28) 

19-4-39 

5 

665 

■■ 767 

! do. 

5 

136/90(61) 

3-9-40 , 

? 

373 

! 689 

do. 

6 

1, '54/120(80) 

27-12-40 

? - 

666 

! 674 

1 do. 

7' ! 

261/21(10) 

7-2-41 

<? 

056 

851 

i do. 

8 

206/101(62) 

8-10-41 

? 

655 

812 

do. 

9 

137/90(63) 

6-9-40 


373 

721 

! do. 

10 

979(23) 

6-3-37 

■ ■ <? 

277 

763 

i do. 

IV 1 

131/70(57) 

24-7-40 

? 

373 

801 

do. 


The first abnormal calf was born on 5 March 1937. All of them were found (o 
be otherwise normal and grew up satisfactorily, except that tlie efficiency of their 
movement was greatly reduced. Naturally they could not be of any use for working 
purposes. As no such animal had died on the farm and no post mortem examina- 
tion result for the defective hoof was available, it could not he said whether the 
inner vestiges of the toes were in the normal duplicate, or were uncle ft. The two 
rudimentary digits, normally found at the hack of the fetlock joint, wore present 
,siS:^usual,. : ^ 


m 
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Tlie po.s.sibility of t'lio defect arising from some prenatal malmitrition is ruled 
out by the fact tliat only a small fraction (11) of tlie total progeny of 74-8 calves, 
l)(n.'n during tlie period of incidence of the defect [1937-41], showed the character. 

When pedigree (Figs. 1, 2, & 3) of all the 11 defective calves were studied, it 
becainie certain that the character had some hereditary basis. It was found that 
three sires (277, 373 and 665) and nine dams (674, 689 , 721, 763, 767, 801, 812, 
841 and 861) — all pheno typically normal— were the immediate parents of the ab- 
normal calves and that the sires 277, 373 and 656 and all descended from the same 
male, viz., grandsire 313. It was further found that in case of eight calves (Fig. 1, 
i to viii, 313 figured as the common grandsire from both the paternal and maternal 
lines. It, therefore, became evident that inbreeding had exposed the defect and 
that the respective sires and dams were normal and carriers of the gene or genes 
responsible for the expression of the defect. 



Fig. 1. (Pedigrees I-VIII) Showing how inbreeding has caused the appearance of the churactCi'. 

o2 
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FXG. 2. (Pedigree .IX) Traces the common ancestor to 6fch gonoratiotj 
Fns. 3. (Pedigrees X- A 1) No apparent inbreeding 


Pedigree of $ 15i7/90 (Pig. 2) .showed a common ancc.Ht-.of (9 KM) i.)nly in tlio 
Gth generation. One line of deKcont was $ 258‘^J(i6 

other lino was $ 174-^9 26-> . 1 All these indivi.luals s<‘onI to have 
served as carriers and a convergent brooding of these lines r(j.sulted io the a-bnornial 
individual combining the full eojnplement, of the genes re.sponsible for t'h <3 cxi)r(ission 
of th« character. 
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.111 llie roiuaininp: two cases, however, i.e., and$ l?d,'70 (Fijf. 3), wo "have 
failed to estalilisli any relationship amon.Q: the a.n<'estors. It is, however, interestin,^ 
to notv {hat {he (i:ran(lsires 3J5. ,195 and 2J0 were all hrouf^jit from Hissai- livestocd'c 
Farm in Ilie years 1927-30. In case of 313 and 195. it has already been estahlislied 
(Fiy. 2) that they had a (‘ommon ancestor in $ 154- Assuminti; that the mutation 
had its origin in a common ancestor of all these sires, which may he Q 164, or 
some other remote ancestor — which is very likely - ■ it may bo further assumed 
that 210 is also a carrier like males 313 and 195. This view gets further su])poTt 
from the fact that male 210 appears as the common grandsire from diims’ side in 
both the cases. Tt seems, therefore, prol)a])le that these two defective calves inherit- 
ed the defective genes from grandsires 3.13 and 2J0 by way of their sirc^ and dam 
respectively, 
if ode of inheritance 

'Pho fc-regoing disciiss,ion gives clear indication regarding the recessive nature 
of inheritance of the character. The recessive geneliypothes,is receives further 
support from the following facts: 

The pi)ssibility of a .simple d,ominant mutation causing the defect i.s ruled out 
h(M-a.u.se in an extended period of five years of incidence, out of a total of 748 young 
hoim, there are only 11 ahnormal ca.ses. Had there been a dominant gene res- 
l)onsil)h^ it would have come to light in a much larger proportion. Also none of 
the immediate parents or half brothers or sister, s showed the character. If the 
(diarac.ter arose as a new dominant mutant, it would imply that the mutation occurred 
several times and. only in a .selected period of five yeans which does not .seem feasible. 
Furtliermore, the fact that the defect was exposed in each ca.se due to established 
or suspected iri])reediiig or common ancestry also lends support to tlie hypothesis 
ihat a single dominant mutant is not involved. 

A simple sex-linked recessive gene also does not appear to be concerned because 
we have nine defective daughters, all from unafiected sires. With sex-linked 
rece.SBive meclianism, a daughter cannot express the defect iinles.s she receives the 
gene from the X-chromosome of each of her sire and dam. 

A, simple- sex-linked lethal gene also does not appear to l;)e responsible for the 
inheritance of this defect because that would kill all the affected males, whereas 
we have got two affected male calves. 

It, therefore, seems reasonable to assume that the character is autosomal and 
recessive. For genetical analysis as to the exact mode of its inheritance, full pro- 
geny of the immediate parent-pairs, heterozygous for the defect, wa.s examined 
(Table III). It was found that out of 17 young horn, there werd only six normal 
and eleven abnormal. These figures do not fit in wdtli the Mendelian ratio of 3 : 1 
a.s expoc-ted in the progeny from moiiofactorial heterozygous mating.s. But perlia,ps 
it would be hazardous to come to a definite conclusion with such .scanty data. It 
may, however, be inferred that some autosomal receaaivo mechanism is involved 
in producing this defect, though it would be difficult to state at this stage wliethor 
it i,s a .simple reces.sive. There i.s evidently more in the genetic make up than 
meets tlie eye. Study of Table.s II, III and IV show's wide discrepancies in the 
.sox ratio.s of the entire herd, of the Full and Affected-progenies of involved oj* carrier 
sires and of the Full and Affected-progenies of carrier parent-pairs. If tlie numbers 




Table If I! 

Fulljirogemf of each jxumt-pair ‘Involved- 


Only the right roi'c-luot 
abnormal 

Both foro-l'uot abnormal 
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Table IV 


Sex ratios of the entire herd and of the progenies of the involved parents 


Group 

^No. 

Grouii 

(Sex ratio in 
malos/100 


females 


Sex ratio for the entire herd for this period of incidence (1937-41) 

109.52 

■ ■ 2 - 

Sex ratio in the involved sires’ full progeny 

69-0 

3 /; 

Sex ratio in the involved sires’ affected progeny 

22-2 


1 Sex ratio in the involved parent-pairs full progeny 

Sex ratio in the involved sires’ affected progeny 

...... ^ ^ 

41-7 


22-2 


A further complexity to the prol^loin is added by the fact that, though syndacty- 
lism is restricted to only the fore-feet, there is one solitary instance in which it occurr- 
ed in only the right fore-foot, the left fore-foot and the two hind feet were normal. 

A satisfactory answer to the exact mode of inheritance would be difficult unless 
crosses of the normal and carrier with the affected and between two affected animals 
are obtained. 

. Summary 

Eleven pedigrees showing both unilateral and bilateral congenital Syndaotyliain 
of the forefeet only, in, the Ilariana breed of Indian cattle have been reported and 
studied. 

All known carriers were normal and the expression of the character came to 
light as a result of inbreeding. 

The data available are scanty but are indicative of the operation of an abnormal 
recessive more of inheritance. ^ 
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STUDIES ON THE SEMEN’ OHARAOTBRISTICS OF INDIAN BREEDS 

OF LIVESTOCK 

By D. D. Shukla and P. Bhattachabya, Aiiirnai Genetics Section, Indian 'Veterinary 
Research, Institute, Izatnagar 

(Recnivod for publication on 13 October 1948) 
the ineniased use of artihoial insemination in livestock breeding, the 

evaluation of semion quality has gained great importance, particularly where 
large iiumboi.' of fo males are being bred to a given sire. Periodical checking of semen 
quality of sires in contimK)iis service is higlily desirable. It enables not only early 
detection of possi}>]o impaired fertility in males due to poor quality semen but 
also helps in kee])ing wastage and loss due to a failure in carrying out a pre-plauned 
breeding programme to tlui minimum. Efficient evaluation of semen quality is 
essential for niimorons laboratory studies, e.g., comparison of semen quality obtained 
from males of I be snine lu’ocd or species under different dietary or environmental 
condition <u- muicr different hornione treatments, etc. The work of Williams and 
his co]lal)ora1ors [1920 a, 1920 b, 1925, 1927] focussed attention on the role of the 
male in impaired fertiliiy of herds, and led to considerable work on the semen of 
farm animals. The work lias been recently reviewed by Anderson [1946]. 

Groat variation is known to exist both in the cpiantitative and qualitative 
characters of semen produced by various animals. Even in the same animal, it 
has been shown [hh'kenzie and Berliner, 1937 ; Gunn et al, 1942 ; Anderson, 1941 
a; and lOil ]> ; Erb, Andrews and Hilton, 1942] that the characteristics of the 
semen produced at different times also vary. So lar no systemetic study jias been 
carried out on the semen characteristics of the different species and breeds of Indian 
farm animals. With the introduction of artificial insemination in India [Guha 
et al, 194-7], the necessity of knowing the normal characteristics of semen produced 
by the Indian farm animals was realized. The present paper deals with the semen 
characteristics of the following breeds of Indian livestocks : 

A. Cattle 

(i) Hariana 

(ii) Sahiwal 

(iii) Kumauni hill type 

B. Buffaloes 

(i) Murrah 

(ii) Murrah and local cross 

C. Sheep and goats 

Types as found in the United Provinoos 
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No single critorioii is Imown so far to represent mleqinilely Hie l!ue (piaiily 
of sftinen [Wilovaiiov, ; Walton and, Edv.^ml., ,1.938 ; Davis and W iliiains, 19.8' ; 
Anderson, 1939, 1940, 19‘1ia; Hermon and Swanson, UMIJ. (1 is now gxnicraJIy 
agreed tliat tlie most ettieient method ofsiemen osnilviatiuii is tliroiigh a. eouside.tndiou 
of a number of loeognized criteria, viz. (1) physical appearau.ro, (ii) volume ol iiio 
ejaculate, (iii) dcgi-eo of initial motility of sperms, (iv) spenii coiu'en.irai ion. (v) t(dai 
number of sperms per ojaculate, (vi) percentage of abnormal spci'ins, (vii) bydvogen. 
ion concentration and (viii) respiratory rate of the sperms. All tbe abovo jitlri- 
butes, except the respiratory rate, have heeu studied and ar(^ dealt fvith in tliis 
paper. 

Material AND METHOD 

The experimental animals consisted of one Hariana bull, <me Hahiwal l)nll 
•five Krmiauni hill bulls, one Murrah buffalo bull, one Murrah-cross bnftalo bull, 
and five bucks n.nd five rams (of the type ordimirily found in U.P.). Mx<'o])t in 
the case of Sabiw^al bull from wliicli only 18 samples were takius, 24 SiDn])les per 
male were studied in all other cases. All the animals were in good hciilth a.nd in, 
regular service during the period of observation. Tho semen samphvs were collcnd ed 
in artificial vagina as described by Walton [1938]. 

Colour and consistency were determined by the appetn’a.nc<v of (ju‘, semen. 
Volume -was measured up to the nearest I/lOO of c.c. Tail ial niotlliiy of spermaiuzoa 
was scored according to the criteria recommciide.d by Erb, Andriwvs, and llillon 
[1942]. Concentratio.n of spermatozoa was <lelermiuod, by h^u-bV. ilosentlial 
Haemac 3 d:ometer and was expressed as number of s])ei*inatozoii per c.c. The 
percentage of abnormal spermatozoa wa.s delcrinincd by the moibod adople.d by 
Mukherjee and Bhattacharya [1947], was delerminod will) Ihe us(i of a fl.D.ii. 
capillator immediately after collection. 

BjESults and discussion 

The range and mean of the various characteristics studied a,ro brouglit out 
separately for individual animals of each breed, and for oacli of tbe <iifferent species, 
in Tables I to IV. Table I deals ■with the bull semen ; Table 1! with Ihai of Ihe 
biifhrlo ; Table III with that of ram and Talile TV with Ibat of goat. In rases 
where more than one male from a In-eed were studit^d, the overali iU'(n*a.ge. rstigo 
and ineans are also sbowm in the tables. 



A 




(i) Physical appearance 

Bulls. The ejaculate of a normal bull of good fertility is opaqne whibi or 
yellowish white fluid w.ith milky or creamy appearance [Lager] o(;' 1934 ; Kuline, 
1936]. Tlie appearance of the ejaculate depends on the (‘onfMuitra.tion of tJui 
spermatozoa, usually watery semen of light yello-^y colour contain, s few' spiinnatozoa,, 
although a milky sample may have occasionally few or no spormatozoa, | An(i(n.'son, 
1945]. The physical appearance of the samples observed by us is coulinn;Uory 
to that observed by foreign workers. 


Table I 

The roMgc and tnean of the various cliarmterislics of hiM semen- 



and mean of tlt.e various cltarurf eristics 
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Buffalo bullH. According to Veeramani Ayyar [1944], who studied 16 saiuples 
of S(u'nen from two buffalo bulls, the appearance is slimy, yellowis'h. niilly, Li our 
study, semen samples were of ‘thin milky’ to ‘thick milky’ consistenc.y of ;i, wlihidi 
colour. 

Eanis. Ram semen is usually creamy in appearance and as in the case of 
[iulls a thinner consistoney and milky or watery appearance has Jess number of 
s'j:)erinatozoa [Anderson, 1945]. In our observations almost ail the samples were 
either of ‘thin creamy’ or ‘thick creamy’ appearance. 

Goals. Atabek [1966] described the colour of goat semen as that of a ‘boiled 
potato’ and it differs markedly from that of the other specie }. The range of varia- 
tion. in ’he Dro.sent study was- from very ‘thin creamy’ to ‘thhk creamy*. Tiui 
samples of thiner consistency designated ag ‘thin creamy’ iiad a light yellow colour, 
a.s observed by Atabek. Hut those of thicker consistency, designateil a.s ‘thick 
creamy’ had cream colour. 

(ii) Volume 

Bulb. The approximate range of bull semen is 0*5 c.c, to 12 c.c*. the average 
volnnie of tlio ejavuilate b-v'ung -1- c.c. [Anderson, 1945], There is also ('.onsiderable 
dilfereu 'e between bulls and in the same bull, from time to ti.me. In additioji. 
iu'oed. to breed diffirences also exist [Herman and Bwanson, !.91i,]. Thus in 
tlie case (if Lvumauni liiil bulls, the volume varied from 0*30 to 1*77 (‘..c, (mean 2'Ud-: 
t)*!). In the Hariana it was 0*6 to 6*2 c.c, (mean 3*16 dz d*2) and in Sahiwal 0*8 
to 9-0 (‘..r. (mean 3*8 dz 0*35) (Table I). The mean volume figures from Saliiwal 
and. Hni'iaua in our experiment approximate Anderson’s (1941 a) (indings. In 
a .study of 195 ejaculates, he obtained a mean volume of 3*53 i 1*35 c.c. The 
luean V(.')lume in caes of .Kumauni hill bulls was markedly lower than thaf of ihe 
other broo'.lu Tim differenems in the volume of the ejaculates may be due l o the 
differeu'^e-^ iu tdie body size of the various breeds as has also been obs-erv’ed by .Herman 
and Swaii'oa i L941J and Anderson [1941a]. • 

Buff'u.U) bulls. Ill 10 semen samples from two bulMo bulls, Veeramani Ayyar 
[1911} ih-it)i‘s'od ii. range of 3 to 4*6 c.c. ; the ino.st common volume being 3 c.c; 
The iiutlmrs have found a range of 0*5 to 3*8 c.c. with ;i mean of 1*8 -h iM c.c. 
(Talile H). 

Mams. According to Moskovits [1934] the average volume of ra-ni .semen is 
! and 'ic 'ording to .M’ilovanov [1934] 1 to 2 c.c. Anderson who e.xainined 200 
(ijaculatcs from pure bred iVl'erinos gives the average volume as Offd^O.! c.c. 
po;!}!;) a! [19 hi] will.) studied semen Ifom rams of Hatiiphsiro, vShropshiro, Boutii- 
dowiiiind. Ivar-ikul br-ieds found considerable breed as well as individual differeimes. 
The aveniuM v^oluni.e in Boiith'lown breed in three rams was 0*;>, 0*4 and 0*9 c.c. 
:uvl !lic :i *.'.140 Hiii-iipdiiro went as high as 1'5 c.c. In the pres-nit stuily, the 
.•ange o'' voiunr) wa-s ibund to [)e from 0*1 to 1*5 c.c. (mean 0*65 -|- 0*()3) (Table III) , 
fro.j./e . Ihtlovcovii. el al 11936] found the average volume of goiit semen as 
0*7 *. iMiilli.o-i el at j 1913] who studied the semen of two goats found tiio average 

voliiiiie viiryitig IVojn 0*7 to 1*5 c.c. according to seasons. In the pre.sont .study- 
I lie vi-luine noiged froTU 0*1 to 1*7 c.c. with the mean volume at 0*7^:; 0*0 j. (*.5. 
/rtilile IV). d’ljcre is considerable individual difference in this species also. 
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(iii) Motility score of spermatozoa 

, present study the most common motility s<‘oi'<'.s of ,s])crma,it)y;ttii 

oi the Jvumaimi liill, Ilarianaand SahiM'a] Imils won', foiirKl to is) ] i | lo j | j | . 

to +-hH-++, and ++++ to + rospoi-tivoly. 

It was not noticed that (1) initial motility varied less tluin any olluir lumam 
(diaracteristics, (2) initial sperm motility for normal hulls was fairly aud 
mitial sperm motility varied significantly with di fie rent bulls. ' Our (indinys a, re 
Herman and Swanson [194]] ; Anderson [1940, ' iOll, 
I M2 ] ; and Lrb, Andrews and Hilton [1942] respectively. 

Buffalo hulls. In 16 samples in 'two buffalo bulls Veeramaiii Ayyar observed 
a motility score range of -1-+++ to +++++, the most common being d-fd-d 
ll^buruTi r range of d- to d-d-+d-h, the most (auumon 

Deing -p-p-f- to -h-fd-d-. 

d/T'" a imiloniily liigt, ii.iiial 

noisi +++++“8 was tonnd by AiidBraoii |101,f)| and I’liillips ,■/ 

of Lm'sl^iatoLa.^^ 

bor-iSfl'loior™®® f«' 8emeii as studied by J>l,illi,« a„d bis c.lla,. 

from ++ tod Py™‘ 8tu,ly fbo iuitial umiiliiv 

irom d d- to d— h + d“ + , the most common being -|- -\~ d- . 

(iv) Sperm concentration 

senmn the av^^age corAmtrsmV 1 

900 

culates, hegota mean of 648,540, 000± 3,430 000 snorms ^ < 

± J-i J , ana o94 d- 34*8 millions per c.c . (Table I). » no 

Buffalo bulls. The authors have not come across any reforeuce on I 

obse yations differ frodtbo above' wSkL "s d ’ t' m I"''"’' 

spermatozoa pet c.c. This paper records a rau»eTf 560^0 

(mean 3285 di 128 millions per c.c.) (Table III). * ' ^ nilhons per c.(‘,. 

Goals. Polovcova and Fomenko 119361 fmmri fU/. 
goat semen as 4.000 million per c.c. Phillips ct a* [1943] 


June, 1949] 


167 


D. D. SHUKLA AND P. BHATTACHABYA 


eonceufra, lion of goat semen ranging from 2,063 to 2,997 million per c.c. ac-oording 
to seasons. This paper records a range of 650 to 7,500 millions per c.(‘. (mean 2,61-1 
126-8 niillions per c.c.) (Table TV). 


(V) Total numhor of sperms per ejaculate 

Bulls. The total number of sperms per ejaculate depends on both the volume 
of the ejaculate and the concentration of spermatozoa. Anderson [1941a] found 
a range of 616 to 11,000 millions with an average of 5,400 millions per ejaculate. 
Highly significant differences have been noticed between bulls in the total number 
of sperms per ejaculate by Erb, Andrews and Hilton [1942]. 

In this study the total number of sperms per ejaculate in the Kumauni hill 
bullsranged from 67 to 6,412 millions (mean 1,192 ± 98*3 millions) ; i» Hariana 
from 600 to 7,812 millions (mean 4,644 ±370 millions) and in Sahiwal from 1,344 
to 16,830 millions (mean 5,686 ± 808 millions). There was a wide variation among 
the individuals in the .Kumauni hill bulls (Table I). 

Buffalo hulls. The present authors observed a range of 240 to 2,304 millions 
(mean 1,036 ± 58*8 millions) (Table 11). 

There is no other record of work on buffirlo bulls. 


Rams. The total number of sperms per ejaculate found by different workers 
varies. According to Moskovits it is 2,850 millions. Accorcling to Milovanov 
2,000 to 4,000 millions ; according to Anderson it is 2,050 millions. Terri! [1938] 
obtained a range of 116 to 7,904 millions with a mean of 2,193 millions. In the 
present study the range was found to vary from 172 to 8,325 millions (mean 2,260± 
138 millions) (Tal)Ie III). Individual variation amongst the rams was also noticed. 

Goats. Phillips et al [1943] found the average total sperms per ejaculate to 
vary from 2,221 millions to 3,498 millions. In the present study the total number 
of sperms ranged from 96 to 11,250 millions (mean 1,769 ± 1606 millions) (Table 


(vi) Hydfogen-ion-concentralion 

Bulls. Alkalinity of semen is associated witli the decrease in activity and 
concentration of spermatozoa [Anderson, 1945]. This is in conformity with the., 
i'esults obtained in, this study. Webster [1932] found a pH range of 7-0 to 7-5 ; 
Milovanov [1934] 6-5 to 6-8 with some rare samples showing as low a pH value as 
5-5, Anderson [1942] found a mean pH of 6*73 — 0*02. 

In the present investigation the respective pH for Kumauni, Hariana and 
Sahiwal bulls ranged from 6-0 to 7 (mean 6-2()4 ± 0-018). 6-0 to 6-6 (mean 6-18 
± 0-025) and 6-2 to 6-6 (mean 6-25± 0-025) (Table I). 

Buffalo bulls. Veeramani Ayyar [1944] from 16 ejacidates of two ])n Halo 
bulls Inis worlvcd a pH I'ange of 5-6 to 6-4. In this study the range was found to 
lie between 6 to 6-6 (mean 6-27 ± 0-021) (Table II). 

Rams. Accoi’ding to Mckenzie and Berliner [1937] normal ejaculates with 
a sperm concentration of 1 ,000 millions per c.c. are usually acidic ; sometimes the 
pH goes as low as 5-9, and as high as 7^3, Comstock and Brady [1937] gave the 
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pFl o*' uorntal seiEcn as 0-9 and of abnormal as ov«r 7*0. 'IVM’n'l j I9'>( | nhsta'X 'Mi 

('.jacidMlus ^ivin^' an acid roaction to lihims, wore iloiiiiiloiy ilfn-;'* 

yiviii;.'; an ;?!Va.li5ic. rcac,iion. 

I'lia antlum; are also of opinion that Ibe bigber tbo pll tlio lowc.r is ifit! i nii 
centratifjji. From Table fll it can l)e seen ibat ram No. -17, wit li the iiighe.st averi(;ii* 
.sperm concentration i.e., 3,850 ± 289 millions per c.c., ba.s tbci loucni mean /dl 
5-99 ± O-Ol and ram No. 74, with the lowest average sperm concent rat ion of 
■■ 4 : 209 , lias tbe bigbe.st mean pH of ()'23 ^ 0-072. But there doe.s not .sc'.fim I c c.v.t'i 
much variation in pH among individuals. The pH of rain .sennen as observes! jiy 
us, range.s from 5-9 to 6-8 (mean 0-10 ± 0*019) (Table 111). 

fJoats. Ill thi.s case also it is observed that semen samples sliglitly a'-ui’i*' in 
reacticui aj-e superior to those which are alkaline. In this study the /di vahm mii'.',.,; 
from 5-9 to 6-9 (with a mean 6-35 0-018) (Talile IV). 

(vii) Pvrrrntaf/r nf ahmrmal spermatozoa 

BnJJ-i. The following ty])os of abnopnal spermatozoa, have*, been fninid in Hn- 
preweut .study (1) taille.ss, (2) hoadles.s. (3) lienJ' (ails, (1) cnile.d (o) h^uptai inli.o 
(0) double tails (7) beaded middle piece (8) middle piece ve.ry lliiti iuid headed ■! 
the neck, (9) pyriform head, (10) micro head, (11) mega.- head, ( Fj;) donhtc. hcr.d^sl 
(33) degenei'ated .head, (M) deformed liead. Mo.st of the ahove inorphoh)g;,’;i! ah' 
normalities iiave also been observed liy Lagerhif [1 93''r| and by I bwmaii and Swancon 
(1 94-1). The common typos of abnormalitie.s encountered by the present ant hors, 
were bent tails and tailless. 

Williams and Savage [1927] showed that fertiiit.y was dimini.shed wlnm ulmormal 
sperinatozcui exceed,ed 17 per cent. Lagerlof believed that- vvite.n tlnccount td' 
almormal sperm exceeded 18 to 19 per cent it probaldy indh-ated disi nrhantn- in 
the .spermatogenesis which may be so sorioii.s a,s to re.sult in impaired feriiliU'. 
Herman {1940] reported that bulls of good brooding ellicieiicy averaged woli hcfiim, 
20 per GUI' '(.bnonnal -cpe’-inatozoa. 

The present authors observed a good deal of variation among individiud bnli,-.* 
Percentage of abnormal spermatozoa for Knmauni hill, Mariana and Maliiwal Inill.s. 
ranged from 0 to 33 per cent (mean 0-5 dr 0*54) fO-b to 8-0 (nu-an 7-2 ■■[: 0-12) a.ud 
7-4 to 9-4 (mean 8*2 i 0-14), respectively (Table 1). 

Buffalo hnlls. A range of 5 to 11 per cent with a mean of 7-7 i 0*15 per cemt 
have been found. To the author’s knowledge no other wtwk of ([lis ty]>e appear 
to have been conducted on this species. 

B.ams. All the abnormalities mentioned in the easeor])nI!s hav<‘. also iHien 
observed in the ca,se of rams. Mckenzie and .Phillips j lOlM j re])orted Mia.t ran*s 
ndth more tha 2 i 34 percent of abnormal spermatozoa arc of rc-dinuxl feriilitv, 
Mckenzie and Berliner [1937,] have recorded as high a.s 84*8 per cent fd a])nonnal 
spermatozoa in one ram semen. 

In the present study the percentage of abnormal spermatozoa rang( 3 d from 
0 to 22 with a mean of 4-36 ± 0*42 (Table III), 


June, 1949] 


;u. D. SHUKLA AND V, BHATOAOHARrA 


169 


GotU8. Pliiiiips and Ids collaboi’ators [1943] found tlie average percentage of 
abnorjiial sperms to range from 5*53 to 8*03 according to seasons. The autiiors 
nol ed. a range of 0 to 40 per cent with a mean of 4*7 ± 0-047. There existed a wide 
variat ion among i he individuals {Table TV). 

SdMMxVRY 

Various semen characteristics of Kumauni hill, Sahiwal and Hariana bullsj 
.i^Iurruh and Tlurrah cross buffalo bulls, rams and goats have been studied. 

Tlic means and the average I'ange of variations for each individual as weU as 
tor tlic 1 ‘epreseniatiA'Os of the Ineeds and species considered have been worlced out 
and presented. 
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ABSTRACTS 


Relationship between Bread o! Cattle and Ability to Maintain a Constant Body 
Temparatnre under Tropical Conditions,, Beian, Kendal. S. (1948). Vet. J. 

Ii4* 112 

L iterature quoted by the author reveals that the rectal temperature of 
cattle of different breeds remain constant in health until the atmospheric 
temperature reaches 70®F. and between 80*85°F., a pyrexial point is reached and 
beyond this the animal is not able to maintain heat balance and the tempe- 
rature goes up very high. It has also been shown that the rectal temperature of 
an healthy animal will fluctuate with rise and fall of the atmospheric temperature. 
Large increases in the body temperature may have a deleterious effect on the health 
of the animal and that a variation in heat tolerance exists between varicitis breeds 
of cattle. 

The author’s observations were conducted at Dar-es-Salam in Tlianganyika 
territory to see whether the ability to maintain constant body temperature varied 
with individuals and between native and imported breeds during cooler and hotter 
parts of the day. The observations were made on 20 milking cows consisting of 
six high-grade Kenya Friesians, four low-grade local Friesians, one Zebu European 
i‘ cross-bred and nine Zebus from Kenya. Temperatures were taken at 5-30 a.m. 

and at 2-30 piin. in an open sided airy milking shed when at rest., The morning 
atmospheric temperature during September and October averaged 68‘6®F. and 
and at 2-30 p.m. 80-6°F. and in November 70*8 and 86*5°F. respectively. 

When the morning, atmospheric temperature was below 7(}°F, there was 
no appreciable variation in the body temperature of individual cows in the different 
breeds. But when the evening atmospheric temperature went above 80°F. the 
Zebus mean body temperature was lOlTffF. as against 102*6'^F. for that of the 
Friesian and most of the latter had higlier rectal temperatures than the Zebu 
cattle. In November when the atmospheric temperatures were higher some of 
these were again observed and it was found that the Friesian cows showed much 
higher body temperatures. Some of these showed a temperature of over 104°F. 
in November indicating tlie lack of balance between heat production and elimi- 
nation. 

The European cattle suffered considerable discomfort as they showed increased 
rate of respiration panting and profuse salivation, where as the Zebu cattle remained 
well. In the Friesian, the milk yield was also reduced. From the herd history 
it was observed that cows which showed a diurnal rise of about 0‘7°F. during Sep- 
tember and October did not thrive well. 

It is, therefore, suggested that indiscriminate introduction into tropics of 
European breeds of cattle or other stocks adapted to cold conditions should be avoid- 
ed as they will not thrive well. 

I ■ , , ■ ■ , ' , 
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(Those wlio are interested in animal husbandry matters in India .dioidd ,d.ud) 
this fact more carefully as the atmospheric temperature m the i)la^!nH m sutuine.r 
months go beyond 112T. or more in many parts of the eeimlry). 


On the urn of Tissue free Media forth© Preparation of Blaokftiarte ?awin§. 
(I) Cysteine Hydrochloride broth , (11) Acid Digest of Biyer and Meftt, 
Rajagopalan, V. R. (1947). Pat^l. Bml, 49 (1 and 2), 39-50. 

T he use of chemicals like sodium hydrosulphite, reduced iron, and sulpha- 
hydral containing agents like .. cysteine hydrochloride, glutathione arid thio- 
glycolic acid as reducing agents for growing anaerobes ae!.’o]»i<aiI]y is well known, 
but this knowledge has not been put into practical use either in t he roniim^ <‘ulti' 
vation of anaerobes or in the bulk production of a.mKU’olms vaccine. 

The earlier work has been reviewed, and tlio po.ssibiiily ol niaiuilac.turc <d 
anaerobe vaccines by using cysteine hydrocldorido and acid <ligcst o! the liver 
and meat has been investigated. The observations are sot out in dot ail in tw«> 
parts : 

(i) the use of cysteine hydrochloride has ]>ccn. shown. (lysieitHi hydro- 
chloride broth (CHB) containing 005 per ectit.. (lysieim^ bydrodilo- 
ride with 0*5 percent glucose Idled in I’onioai Ihisks up to the nech, 
heated at 120°C. for half an hour can ])e inomiiated with (-1. vlirnmni 
for the bulk manufacture of blac'kqiiarter vaccine. Such a media en- 
sures perfect growth and yields a potent vaccine, Tlie /dl favouring 
the growth of 01. cfiauvoei is 6-8 or a little more alkaline hut- not loss 
than 6*8. 'When CHB is used alone it should be iixjculaled within 
twenty four hours of its manufacture and usc.d along with gbic.o.se. 
This period can be extended up to live days when 'heat ing tlu4 media 
at 120°C for half an hour before use is necessary. OL dmaooei toxoid 
or anaculture mixed with CT. septimm toxoid or nnacnli-ure contbj’s 
a higher grade of immunity than CL cJiaitimi used alone, Bhude- 
quarter vaccine made from CHB and glucose is <as ocoiioTuical as 
the present vaccine in use. 

(ii) The use of acid-digest of liver and meat for the cultivation (d* CL vhauwwi 
for the manufacture of blackqiiarter vaccine is sid-, uiit in detail. 
Blackquarter vaccine made from the liver and meat digest; media 
is potent and the growth of CL cJiauvoei is in no way inforiur' t:o other 
media. The main points of consideration are, vfo!, (i) digestion of a 
mixture of meat and liver in e<jual proportion yields the best, mcfliinn, 
(ii) digestion should proceed for live days if at. bOTk, and for five 
hours if at about lOOXh', (iii) digestion in contact witli c.oiicentrated 
acid is better than in dilute rf,cid, (iv) neutraliz.atioi) should proceed 
slowly so that the medium never be(X)nies alkaline al a,iiy siage, (v) 
the optimum pH is 6*8, (vi) the medium is usable for about 15 
days. and it should be regenerated by heat l.mfom use (K, (J. H.) 


ABSTEACl* 


m 


June, 1949] 


An outbreak of an Aberrant Type of Einderpest in Tanagiiyika Territory F. Lowe, 
H. T.. W.1LDE. T. K. H., Lee, 11. P. and Stuchbery, H. iVL (1,947). J. Gimp. 
Path.lb, 175 


A n outbreak of a disease resembling rinderpest occurred among cattle in tlie 
Tobara District of Tanganyika territory. Tbe outstanding .(catures were tlie 
extraordinary mildness of the disease with a low mortality rate (five per cent) 
and limited "tendency to spread in cattle which are ordinarily very highly suscep- 
tible to rinderpest. 

The symptoms in affected animals varied ; but the general picture was that 
there was rise in temperature lasting for three to nine, days after an incubation 
period of four to seven days. Accompanied by general dullness, nasal discharge, 
conjunctivitis, erythema of the gums and ulceration on the tongue, gums and lips. 
Severe diarrhoea w^as never observed. 

Experimentally the disease was transmiss.ible by the inoculation of a,n extract 
of lymphatic glands of affected animals and after eight serial passages in suscep- 
tible, cattle the virus was resorted to full virulence. All the cattle which reacted 
to the virus were subsec|iieutly tested with virulent rinderpest virus and were found 
immune, thereby establishing that the outbreak was a form of rinderpest. The 
authors observed that whereas filtered blood after vigorous agitation was infective, 
fdtered blood without agitation failed to infect (0. S.) 


Sulfagaaniditte and Sialiamethazine in the control of Experimental Avian Cocci- 
diosis caused by Eimeria tenella. Barber Clifford, W. PomL /S ci. XXVII (1) 
60-66 

A S an introduction, B states that in the recent experiments carried out by 
various workers, there was a wide range in the dosage of the compounds, a 
variation between the time of medication and the time of exposure, as well 
as in the virulence of coccidial cultures used, thus making the comparison of different 
compounds difficult. In this paper, sulfaguaiiidine and sulfamethazine are compared 
in their efficacy in the control of avian coccidio.sis under identical conditions, Four 
weeks old chicks reared in battery were used in the experiment. Infection was estab*" 
lished by feeding a small amount of wet mash, containing a measured quantity of 
inoculum. Variation was introduced in the system of medication by giving medi- 
cated mash continual^ and also intermittently for a period of 8 to 9 days. Medi* 
cated mash was fed 48, 66, 72, or 96 hours after primary coccidial inoculation. 

8ulfamel luiziuo at a 0*26 per cent level was more’ellective in controlling mortality 
ajuong tcpella infected chicks, than 1 per cent sulfaguanidiiie. Intermittent medi- 
cation with sidfagimuidine at a 1 per cent level was found to be superior to a conti“ 
nuous six-day feeding at a 0*2 per cent level. B. tenella infection could be effec- 
tively controlled by 1 per cent sulfagnanidine or 0-25 per cent sulfamethazine if 
intermittant medication was begun not later than 72 hours after the initial infection. 
Complete immunity was apparent in the inoculated chicks on re-lnfection. 

A preliminary trial with sulfaquinoxalin© forming 0-1 and 0-075 per cent of 
the mash gave better .resultsAhaii the other sulfonamides tested. .{H. K. L.) 

,B 2,.' 


1^4 . ABSTBACi [Vol. XTX, pj«i IL 

freatment o! Experimental' aid .HatumU^ occuring Fowl Cholera with Sttlfainolha- 

xine. KiSiiTi, J. S, — Pbieb, J., and Bottorbk, 0. A.. jukI (iiiKiONi'’- ^ 

PoW^. /Sci, XXVII (3) 2r)7--262 / ■ 

S ULPAMETHAZmB has been tded in the conirt,! <,f hnvl in :u'l liit-iidls 

infested. chicks and in natural field outbreaks. Day old, New Hatti|Hhir<! rhicks 
brooded in separate batteries Avere used in graps of 70, f(»r e.u-ii trial. ^ 
tenth c.c. of 1 : 100 dilution of P, aAdcida broth culture - grown lor 7 liours at 37 
and held overnight in the chillroom (4-°C.) Avas used for infection, Hi!]lainet }ia:,^iiie 
and sodium sulfamethazine were given in mash and water respectively. 18 hours 
before the i.nfection and trial was continued for 0 days after tln'-y Avere inhuMful. 
As a result of this treatment, mortality Avas reduced by 00 t o 8,3 pei' cent, in art I- 
ficial infection and. by 45 to 75 per cent in natural outbreaks as, coni])ui'ed to the 
non-treated control. No toxic effects were observed. An intermit tent scliedule 
of treatment AA^as necessary to effect.i.A''e].y cont.rol the disease in iiiitnrally oenirring 
outbreaks. (H. K. L.). 

A study, at High Level Altitude, of Reproduction, Growli, Sexual Maturity and 
Organ Weights Oabl, R. Mooe and Dorothy Price (1948.) /. AV//. 

108, 171-216 

INVESTIGATIONS in relation to the influence of high altitiid<‘- on ciu-tatn 
inspects of the physiology of reproduction a.nd AAanghts of vsuhtus urgaus w«'.ro 
carried out under, natural comlitions. Four colonies were mainlaineil at 609 f!., 
7,500ft., 9,600 ft. and 14,260 ft. Animals (rats, guinea-pigs, and hanisfer.s) 
representing a homogeneous strain Avore fed the .sanu; diet at ihe. hmr difiertmt 
stations; other conditions including tcni])e7’a.t.uro, caging, weiglil aiul care, of iln^ 
animals AA^ere also similar. Drinking Ava.t(H- ;ui(l tlie, amount of light (snih! not he 
controlled. 

Mature animals Avere found to maintain themsolvos a,nti cai-ry on crtVri'iive. 
breeding at various levels of a.]tit.Aido. Anima.ls tra.ns])ort('.ii at weaning grew 
normally and their reproductive performance Avas iniim])a.ire.d. 3b»t ility ajid !iumb<‘.r 
of spermatozoa did not show any deviation from tuuanai. Fertility of iht*. femalos 
Avas also unimpaired; no cases of resorption of emhryus wtu-e ob.'■:erv<^d. iatte.rs 
born. Avere’ healthy and of normal weight hut. the, ratti of growth at iIk^ highest 
altitude was retarded ami many eventually died. 

It has been concluded that since growth after woaiiit)g Avas iml impaircii, the 
faulty growth from birth Avas an expression of impaired lat'lntimi. Whdghl and 
functional activity of va,rious cndocrino glaiuls closely ass()('jat(Hl Avith iv.pi'oduct i<m 
and also non-endocrine gltuids did not reveal imy jibnorma! liAuid in rela.tion t(» 
altitude level. 

The findings difiered from results of studies on animals expose.d to coiidit ioii.s 
simulating high altitude hy moans of low pressure ('ha,nd)ers or of ga.sc.oii.M mi.xttnvs 
containing reduced pres.^uros of oxygon. The autliors are of opinion that optima! 
conditions in such artificial chambers liave yet to he •i)erre(:ted to vii^id comjiarahle 
results with natural conditions. (.A, R.) 
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The Genefclc Relationsliip; between Mortality from Ininoea- aM Spontanebas 
Lymphomatosis, Hbisdorf, Aeth:ur ■■ J„ Brrvveb, N.: R., and LAMOiiEUX, 
W. F. (1947). Foul ScL 26, 67-73 

I T wji« not possi})le to differentiate between the lines selected under natural 
exposure for resistance or susceptibility to neoplasms by inoculating lympliomatons 
tissue subcutaneously. Nor was there any close relationship between these incidence 
of lymphomatosis among the inoculated birds of the resistant line and the losses 
suffered by their sibs reared as controls under natural exposure. Higly signi- 
ficant difference (X^=344) was noticed between the losses from lymphomatosis 
in the resistant and susceptible lines by placing lymphomatoiis tissue in the crops, 
eyes and nostrils of baby chicks from the two lines, The study further showed a 
significant positive correlation (r = 0-18) between the mortality from lymphomatosis 
among the birds under natural exposure and similar losses f suffered by their full 
sibs after ‘ oral dosage’ with lymphomatous tissue. [G. P. S.] 

Fertility of Bull semen Diluted at 1 : 400 with and without Sulfanilamide. Salis-* 

BURY, G. W., AND Biutton, P. W. (1948). J. Dairy Bci. 31, 817-822 

F ield results of two series of experiments involving 356 -1~ 734 insemination 
Using dilution rates ranging from 1 part of semen to 100 to 800 parts of Iavo 
differently treated diliitors, are discussed. The dilutor tried was the egg-yolk 
citrate mixture. The treatment consisted in addition or non-addition of 300 
mg. of sulfanilamide per 100 ml. of dilutor. In the second series the dilutor was 
treated with sulfanilamide. 

For the first series, a 4 x4 Latin scjuare design was used. Each of the 4 ejacu- 
lates, all coming from a single, consistently high fertile bull, was split irito 4 alicpiots 
with eaoli aliquot diluted at rates of one part of .semen to 100, 200, 400 and 800 
parts of egg-yolk citrate dilutor and containing on an average 14,580,000 ; 7,330,000 ; 
3,670,000 and 1,840,000 .spermatozoa per ml. of diluted semen, respectively. In 
all 356 cows were inseminated in this series. 

Semen used in the second series came from 19 different hulls, A randomizeil 
block de.sigu wa.s employed. The 5 dilution rates studied luimely ! part of semen 
to 100, 150, 200, 300 and 400 parts of dilutor and containing (jii an average 12,060,000, 
8,490,000 : 0,340,000 ; 4,160,000 and 3,290,000 spermatozoa per 1 ml. of <liliit€(l 
semen re.spect ively . where, assigned at random to the 5 collections 1a, ken Irom each 
qT the 19 hulks. In this .series 7,343 cows were inseminated. 

Analysis showed that in the sulfanilamide treated series, though a trend 
downwards amounting to 0-8 percent in fertility level for each decrease of 1 million 
s])('.rinat()zon, insetninated was observed over the range of 2-36 to 15-30 millions of 
s'{KM-ina(.<jzoa, in.seminat.ed, none of the differences were .statistically significant. 
Significant. (lifrer<mce.s were, liowwer, obseiwed in the other series, between I : 100 
dilution rate, on t'lui f>ue hand and 1 *. 400 and 1 ; 800 rates on the oilier. 

The ])r()hahl<‘. reasons for the different re.sults of the two exp<irim(nits are dis- 
cnsse<l. The authors suggest that the miniimiin luimher of .sjicrmatozoa consist.ent 
wit li o])t iimim fertility rests at 5 to 10 millions from bulls of known ffuliiity. (S. H. ih) 
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condition. ITncler aerobic condition, oxygon ntiliaati^ is of rola,fciveiy short 
duration. It can, however, be prolonged by the addition of fructose, fiiuiilarly 
in anaerobic condition, addition of fructose prolongs survival. These (hidings 
, show conclusively that metabolism of fructose, i.e., fructolysis and. not re.s- 
piration which supplies vital energy to the spennatozoa while in the genital tract or 
ivi vitro storage. Aerobically, although most tissues can utilise both glucose and 
fructose, in anaerobic condition, excepting spermatozoa, none of these tissues, 
including also seminal vesi(des where fructose origiuates, are capable of utilising 
fructose. (A. R.) 


REVIEW 

Yeterinary Protozoology 

By ITl[OK B. R.ioiiarj)S()N, B.Sc., M.R.C.IJ.S. (Bnbli.shod by Oi.ivij;];, und i»(.iv n/ 
Ltd., Edinburgh, 1948 ; Price 18, v, pp. '240 with 84 illusipnitiun.s, ons' (Milciired 
plate aiid imincrous relererioes. 

T lliiS book is a first attempt in presenting information on [>rotozoa of veterinary 
importance in a consolidated form. This will greatly overcome the diliicnlties 
of the sntiidents- as well as the field workers who have to dig uj) various 
boolvS to complete their information on the subject. The book is written in a clear 
and lucid style, which it is a pleasure to read, a,nd include.^ a very iisofnl list of latest 
references. The a.nthor has not restricted himself to the de,scription of morphological 
details and life histories of protozoa but has included full details of tlui methods of 
control, diagno.sis and the symptoms of various protozoan dis(',)i.se,s. In r{;ference 
to various Theihria specie.s it is stated that ‘the specificity as regards tin;, inverb;- 
brate, ho.sts argues that the species a, re distinct but an open mind should be kept on 
their relationshi]; to each other, .uni the possible infiinmce of extranetius fiic1;ors 
on their ()a,thogenecity which is the ])rinciple charaoteristins in which they ililTcr 
from ea,ch other’ wdiich clearly go(;s to sliow that the book is fn;e iVotn dogmatic 
state, immts. A g(meral statement, h,owcv(n.“, that a e.iitaneous h'.ishniiuda.si.s of 
cattle occurs in India, should ha,\'o. Ihhui qualified, }.)ecau.s(; :ippai.‘eutly, it, is bastul 
on a .single ca, sc, reported by Pande [19! I [ in tin; ludian Journal of Vcderimrif 
JScieiico and- A-adnial Ilmhandrif. 

In addition, the book inciiules two usid'ul eluipb'rs, oiu; on (lheiu.othera.py 
mentioning the la, test drugs and the ulhe.r (jn technique, which de.siaibes in deta,il 
the niethods of staining, onlture, and presfirvation of muterial. (11. !v. L.) 

Pregnancy Diagnosis Tests — A Eeview 

By A. T. CoA\ IE, B. Sc., M. R.O. V. B,, Pii. D. (NaimOxNtal ii’or Re.se aroh 

IN Dairy.! N o, University of Ream. ng, 1948; pp. 283— -containing lOd pagess of 
bibliography. CJ. A. B. Jt. Pah. No. 13) 

T he author has taken great pains to collocG, such e.xtensive, liteiMturc. on the 
subjeci,, as is available in various parts of tlie world, and pr(‘.seuted it in the 
form of a book. The subject uinttcr has be.cu well clai'isiiied and is described in (:eii, 
chapters. The book ha„s attained its object of ‘ ])roviding the scientific worker with 
a brief .summary of the more importa.nt researches leading to I he de.ve.lopme.nt 
of pregnancy tests in the dome.stic animals, and t(j provide an adeijuafsi bibliography 
of the widely .scattered literature’. As re.sull of the ,siirv<;y of this litorat.iire, it is 
concluded, that the pregnancy may Ite dingno.sed in inure in (he second monili by 
an expert clinician as well as by la.bof.'atory I'-its, in the cow IVom tlie thiol iu<m1 h 
onward, s, in ewe a.nd goat during ihe Ja.st two uumth.s by clinical metluais. in bugs 
and cat it may he pos,sib]e to diugfiosi; prcgnaiHiy from (,he (liird week i>y clinical 
methods ; ratliograpliy in this case is of no use. till the sevoid.h or eighih wtajk-. whik; 
hormonal tests arc of no value. In sow no reliabh; met hods are availabh;, except 
that the Ocs/rn/gm /a.s-/. c.arjied out betw(.‘eu tin; 2lHt and fiOth day.s alter se.rvice. 
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RHOTHANE (DDD) 

CONTROLS • 

HORN FLIES,- LICE AND TICKS 

10 Times SAFER than D.D>T. 

EFFECTIVE AS D.D.T. 

RHOTHANE has been tested extensively, and used commercially 
under actual range conditions in America. This work has shown that 
RHOTHANEl Sprays are as effective as D.D.T. in the control of Horn 
Flies, Lice and Ticks. In fact, even under prolonged, hot dry weather 
conditions RHOTHANE remains effective for longer periods than D.D.T. 

SAFETY IMPORTANT 

The problem of toxicity of D.D.T. and other new insecticides is 
causing increasing concern among agricultural authorities. At the same 
time, it is a well established fact that RHOTHANE is many times safer 
than D.D.T. to man and livestock. 

The effectiveness of RHOTHANE Sprays in combating parasitic 
insects of livestock plus its wide margin of Safety to FFarrw Mooded 
mmimals makes RHOTHANE a logical Insecticide for this purpose. 

Prcilict of ROHM AND HAAS Ca, U3.A. 

Sole Agents for INDIA 

Messrs. AMRITLAL AND COMPANY, LTD., 

POST BOX NO. 256, BOMBAY 
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ORIGINAL ARTICLES 

STUDIES ON CONTAGIOUS PLEUROPNEUMONIA OK THE 
GOAT IN INDIA 

By J, F, Shirlaw, Lately of the Indian Veterinary Kesearch Institute, Izatnagar 
(Received for publicatjon on 15 January 1049) 

A ccording to Curasson [1936] the earliest record of the existence of contagious 
pleuropneumonia, of the gojit in India was mad(^ in 1889 by *Rt.eel who investi- 
gated the disGuse in Khandesli, Bombay Province and latm", in 191 1, *\V’"allvcr encoun- 
tered tlie same disease, in goats in th<5 Punjab. Intliearcliivcs oftlie Indian Veteri- 
nary Iteseare.l) Institute ar(^ available several unpublished refei'ciices on the disen.se. 
Thus, * Oliver [ 1.9iGj reported the ilisease as the ni,o,st serious e|)izootic of gojits in 
the ITiiited .Provinces, slieeji being unaffected ; annual losses varied l>tit were always 
serious, particularly in hiily areas. Tdie liiglie,st incidence ocenrriHl in tlie (jold season, 
and after the llrst niontli or two when the j'R'ak wa.s reached, tlu^ disi'a.se .sniouldcved 
in alfecled areas until the onset of the hot season. The monsoon uslie.n^d, in iVcjsb 
outbreaks, speeially in liill grazings, lie eonsidered that the disease hud iiiucli 
in common with contagious bovine plouropiieumonia. *Taylor [1920] eoinmeiited 
on the pre.valence of a similar fatal disease of goa,t.s throughout tlie Bombay Province, 
and considered tliat the disease was lelated to eontagious lioviuo pleiiropiuMimonia 
as similar nietliods of vaccination were praetised in goats by tlu* sbe.]>li(‘rds, with 
wliat results he could not say. In this comu^ction, a leading Bombay hide and 
skin merchant report('d [191 9] 80 per cinit of losses in gouts due to c.ontagiou.s pleuro- 
])ncumoiiia.. Hlns'p Avere. not afftMTed an<l u}) to 70 pe.r cimt of goats could be satis- 
factorily immunized ity tlies sinif)le. levpe.ilient of inserting a small fragment of 
fresh pneamoiiic limg into a shin incision in th(i ear, *VH(;ha [1923| in rtqiorting 
the prevalence of this disease in Baliicliistan makes mention of a similar method of 
proti'etion jmictised by lionismen, Gareval [19231 riders to <'ont,agious pleuropneu- 
monia of goals in the Mori.li Wi'st Prontier ProviiuuL Ceylon was invaflisl by the 
disease in 1924, goats from Karadii being held responsilde for its introduction. 
'■’•Merroiu [1929] rt-ported a, high incidene.i' of (‘pizoolie. pleuropneumonia of goats 
in the Sind Province and Ba.jpul.ana, witli sixty-fonr outbreaks lietween April 1025 
and October 1927 and mortality 70 to 100 per eent. Vaccination firaeti, sod by 
lierdsmen in Sind certainly gave some protection against the ravages of the disease, 
t,he method being to rub fresh jdtuiral exudate, into a skin iiuasion on the tail. 

In noiu.*. of the, so reports is there any a{'cura.t(* d(‘scri{)tion of tlie, d.iseas(*. ' Tln' 
iueubation jieriod is statid to he two to fifti'en days anil the duration of the di.seasi' 
two to twidve days, although some animals may survive for longer perioils, even two 
to three weeks, whilst animals that reeover are immune to further attack ; generally, 

Tlif' niiirkcd with :in usfci'Hsk iif«“ i-iiticr IVem iiii|»il>liMlicd nv-onli or (sorn'.spmi- 
dciHii' in the iuiiiuvos ol' t.lio 1 ijsl iMiLo, [jorsoiiai oominiinifiU ion.s or rl■I^*l■(.■!l(n•^t quotfU l>y Guni^-'Hoii 
kilt iHifi to ItHMiinyi.nal, 
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the disease is acute. The pulinonary lesions incliule pleural adhcBiouM, hepatization 
and fibrinous exudate, in varying amounts in the chest cavity and peileardlal sue-, 
*Sheather {1916 to 1919] considered, after some investigation, that the disease vvae 
probably caused by a filtrable virus. He appears to have isolated at. h^ast oiu* virus, 
but no records of these results are available for refereri<3e. *E(l\varda { 1 922 ttp 1 926 ] 
studied strains of an apparent Fmtmrelh organism and organisms of tin* genus 
Coryvehncterium isolated from outbreaks of the disease in the Kuinaiin Hills. He 
concluded that these organisms were merely secondary invaders and siiggi'sted 
that the underlying cause of the disease was ‘a filterable virus akin to that cauHing 
contagious bovine pleuropneumonia’. Records of this work are incomplete but 
that the conclusion is more than hypothetical is indicat.ed by his latei- recoinmenda- 
tioii to attempt vaccination against the disease in goats along the lines snccesHfnlly 
practised in the cont:i^ol of contagious bovine pleuropneinnonia. However, no 
steps in this direction were apparently undertaken. Cboper {1927 to 192‘9| consitlfreii 
a Pas'teurella organism to be the cause of epizootic pneumonia of goats in tlu' Kmrmmi 
Hills ; although PaftteurelkiAike. organisms were almost invariably foiuid on buci bio- 
logical examination of the lungs, their aetiologica) relationship with the dis»‘ase 
could not he established. Since 1932, when Veterinary lnv(‘stigailoii Htlieei-s Wi're. 
appointed to each province, epizootic pleuropmumionia ol' tin* gmit had engaged 
attention in all provinces, and although no {iccairati^ suiveys oj‘ the iTuhbmce and 
losses incurred over a number of years had been made, losses were said t.o lie st‘vei*e 
when outbreaks of the disease occurred. In lObl, fifty thousand goats wen* said to 
have died of pleuropneumonia in Rajputuna ; the statement is ertslible in view 
of the known large concentrations of goats in parts of Jndiii and the di^vastaiion 
that the disease can cause. This was certainly a moderate*, figure compartal with 
losses due to this disease among goats held by the army during the last few years. 

Credit is finally due to Longley [ 1940 ] for placing on record a precise account 
of epizootic pleuropnuraonia of the goat as it oeeui-s in Madras Province, and for 
describing the aetiologica 1 factor as a member of the pleuropneumonia group oj’ 
organisms for which he proposed the name liorrelmifjceH ■pvri'jmewnifmine vatwi. 
However, this worker was unable to isolate the*, organism in cult.ure. lit* appears 
to have based, his decision on the aetiology on three couHiderntions. 

(a) Specific^ lesions develop within the muscles and .siibcuf.is following the 

the intramuscular inocjilation in susceptilile goats of a few dro]).s of 
pleural exudate obtained from eases of plcuropniimonia in goats dost rov- 
ed at the height of the disease. These lesions are ])athologi<^nllv eompm 
rable witli those seen in cattle inoculated snlicufam^ously with viruhmt 
cultures of the bovine pleuropneumonia organism. 

(b) Filtrates of pleural exudate produced typical muscle lesions wlum inoculutod 

subcutaneously or intramuscularly in susceptibhi gouts, and tin* syndrome* 
of the disease with typical lesions when insufiiatc.d in similar animals. 

(c) Growth phases of an organism morphologically resembling the boviiu* ph-uro- 

pneumonia organism were recognized op ‘dark ground’ examination of 
fresh pleural exudate, 
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A .strictJj comparahlo diwease of goats is known' to in France, Switzi^land, 
Germany, ltn,{y, AmitoUa, Greece, Macedonia, Bulgaria, ^yrm and I a e.stine Guras- 
soii [193()] has extensively reviewed, the literature on the .subject and the lollowiiig 
facts about th(‘. disease iii otlnu* countries are gleaned from thb re.view. 

On tlie continent of Africa, the disease reache.s serious ])rr>portions a, ml Im.s a 
«e distrihiitioil In Algeria and Morocco, it has been known for centiincfs as a, 
tei'itable scotirge of goats and the name boufrida has been coined by tiic natives 
to describe the cardinal lesion of unilateral pneumonia. The disease ha.s spread 
through French West Africa, and the Belgian Congo, and has been cxtcnsiyeiy 
studied in Nigeria, Kenya, Uganda and Tanganjnka ; Egypt, the Sudan, Eritrea 
and Italian Somaliland are likewise affected. The disease was accidentally imjiottcd 
to South Africa in 1880, and during that and the following year, more than eighteen 
thousand goats were lost. The disease was stamped out of this country by a rigorous 
slaughter policy and had not since reappeared. Lo8.ses vary in different outbreaks, 
in. the countries li.sted, but are generally given as 50 to (50 per cent, although tins 
figuri', may soar to 100 per cent in some outlircaks. In (.o;(‘i'Ct', fetylianopoulo 
|!0;Vit uAmraged tiie case mortality at 98-5 per cent; of seven hundred and tilty- 
tive goats belonging to different herds only eleven survived whilist m another out- 
break involving five hundred and eighty-five g<iat.s only nine 
1 19J tl] gave the mortality in Italy as about 90 per cent. ^ ^Henderson [ L)28j witnessed 
a mortality of 100 per cent in Nigeria. The higlicst incidence and mortahty occur 
during the winter months and the disease smoulders with occasional o.xaceibatiouH 
during the summer months. Sheep are cpiite refr.actory to the disease in the, terriy 
tories'notod ^»‘Mettam [1929] considers this di.sease to be the most Hermiis ot all 
nialadie.s to which the goat is subject. The lesions of the disease, a. s given 
[19101, bStvlianopoulo [1933], ’Kladeac [1902], ^.Leclainche [1890], ‘"Ihomas [1893], 
"•Midi, am [1929] and other worker.s arc as follows : the lung and jileura arc exclusive- 
ly att'ected. usually on one side. When both sides are_aff(?ct.ed itms the, direct result 
of a rather prolonged attack of the disease, but, according to Mori, an «.>arly bilateral 
pneumonia can occur. In both peraciite and acute t<,)rms all phases oi a, 
pure fibrinous pneumonia ivith red and grey hepatization are siicn. Hepati- 
zation affects all or part of the middle- lobe of the lung, in vortical we<%eSj 
the antiu’ior and posterior lobe.s of the lung remaining unaftw’ted ; or, A'bere 
may be severa,! closely ad joining patches of lironchopneumonia. I he affected 
areas project above the lung surface and vary in shades of red to grejr 
'Idle a])})oaraiice of the cut surface is similar to that seiui in the lung aflected 
with contagious bovine pleuropneumonia ; it is marbled and forms a mosaic 
yiattern as the result of variega.t.ion of the lobules Avhich are deep red, bluish, wme 
coloured or greyish and sharply demarcated by the interlobular cuiineciive tissue , 
whicli is proiuiiu'nt and distended by exudate. Bometimes this intiltration is absent. 
Thrombi are .s(‘en in the blood veascls and the bronchi contain a cli^ar exudate whicli 
clots immediately on death. X,(esions of pleurisy are rarely absent. In general, tin*, 
pneumonic areas of the lung are covered with a yellowish layer up to an 
thickness and saturated with a clear exudate percolating widely througn tms 

channels formed by the spongy and soft membrane. ^ The degree oi adhesion ol the 

membrane to the lung and to the pericardial sac i.s variable ; in ])eracutc e.ascv-., 
it is easily removed. If the development of the lesions has been slower, it is more 
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or [qss adTicrrnt to tlic lung according to the degree of orgiinixatioii. I I r, 

hilatoral, the membranes may be present on the otlnn* side as wt'll. bul. not ' 
ably; (jiiite frecjnently, there is siinjdy a thickenin^u' o1 the visi-er;d |)hmra. .a-’ 

exndate in the chest exivity is light yellow in colour, contains no blood, is ino.lyMais 
and varies in ftnantity from one half to Iavo litu^s. Tlnx bronchial lyinpii 
are swollen, infiltrated and liaemorrliagic in some cases. The ^lericaiTliai sac usu!iii\ 
contains exudate, sometimes in considerable quantity. ’’'Mettam («aind biiaicni! 
pneumonia in B6.5 per cent of cases, and. in the remairuhu', the riglit lung was more 
frequently affected than the left 40.5 per cent as against 23 per e<mt. '^'81 yliiinoponm 
stated that, as a rule, the right lung was chiefly affeebuJ. and nnu'h h‘ss (‘onutTonly 
both lungs; exceptionally, the left lung alone was affected. ]\letfani no1(‘d nT'itluu 
necrosis nor suppuration. Also there is a general consensus o( opinion that seijiiestra 
do not occur in this disease. *Leclainche {^a.rly ineriminated a. Paslvrurrlfa as t he 
direct cause, but later modified this finding by distinguishing In'.tw’oon Ptisfci-ayrlhf 
pneumonia of the goat and enxootic jme.umonia wiiicti. he considered, had 
much in common with <‘.ontagi<uis plenvoj)nenmo!iia of caith*. ■■ -.Mclanidi 
and 8ty)iano])oiilo flb28| were able, to isolate no potent ialiy patiiogvnic. organisms 
from the lungs and pleural exudate from typiea.! c.asxis of the disease e\amin<‘d 
immediately after death or destroyed in vxhrmix : on the other hand, they isohib'd 
Paaict'UrelJa org'anism from animats examined sonu*. hours atfer deatli aan! eoiielnded 
that that wa.s a vsecondary invader, ''aMx'.ttam [I'.l2bj sliowe.d that ttie diseas(' could 
be reprodue.cd in susceptilde goats with liltrab's of phuiral exiidatv. an obserxutioH 
which was confirmed by '•''\4bdkei‘ [lfi'j2|. ^Kearnoy (19281 found, after .some day.’C 
a suspicious o]>alose.enc(‘ in tubes of Martin’s broth sown with i!Va,rt, blood, spham 
and ])lGtn'al exudate fumi ty])ical ea.so.s of ttn^ di,s('a.s(‘. Me eonsidertai that, iiii.s 
grow'th was identical with that of the latvine ple.urojmeiimouia organi.stu. grown 
under the same conditi<Tn.s. '‘'.Kearney (drserved a. lypieal thermal reaetitui and 
death in five to six days in goats .subcutanet)usly inoc.ulated with phuiral c.xiidafi' or 
lung mash ; a. huge inflammatory oedema dovejTqTed at the, site, of inoiudation. the, 
lesion later becoming liard and fibrous. *Mettam was aide, on si'verai oec.asion.s, 
to trari.smit the di.sea.se in its typiea,! foian by insulllating heult.hy goat.s wit.h phuiral 
exudate, combining tills teidmique with intra,phuira.l inoculation of the .same mate/ial. 
'bStylianoponlo transmitted the di.sca..se in goats in seihi.s by inoculating lung itta.sh 
from diseased goats directly into the lung, the inoculum in all ca.ses being prftved 
bactcriologically .stcriic ; further, whim liealthy goa,ts were mi.xeil wiMi experi- 
niently ]u’otluced ciusi's of the. disca.se, they con.tra,cted the f.vjiica! disease. 'bMeltam 
showed that the di,sea„se could be tran.sniitted ro about 25 per cent td'aulnials experi 
inentally exposed to infection, and *Stylia,nopouIo stated tha,t an outhivak of i.hc 
disease, in a herd always coincided wdth the introduction of a.n a.ninia.l. alrisidy itde.ci.- 
ed or ill the incuhative stage of the disea.se. This ,sa,nie worker found i liaf. (,!a‘ virus 
maintaiuh its virulence in lung juice or pleural exudale for not less than lifteen d.iy s 
at laboratory and refrigerator teiniicraturo.s, wlien stoj'iul (Vissh or prestu’vtsl witli 
50 ])er cent glycerine, fpw of tluKse early worktu's on {.he disease appear lo 

have achieved considerable success in imopliylaxis. Tinas 1 ''Mlutclicon j IHH'dj, 
working in (^>e Province, believed the disea.si; to be analogous to e.(Hd.ngi<uis luo ine 
jdeuropneumonia and obtained tneouraging results on i1h‘ vacrunalimi of lu'althv 
goats with pieinul exudate Iroiu diseased gouts given .subcutaneously in the tail. 
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"'iVIori. [191.S] used a vaccine wliich oontanied the virus in a viable state, a nd cbtaiiied 
])y aUcwinpf the, pleural exudate to clot, the si.ipernata,nt fluhi <u)nstii,utiny the 
yneuiue. [1929] used this vaccine in 2997 .yoats and eonc.luded tliat'^cviMi 

in badly infected herds, tln^ niotluKl wa,s uniforniiy sm.'ce.ssfid. ‘'dlendersoi! 
[1929| vaccinated ^ipats with a fresh lunfi: e.niulsion »;iv('n subcutaneously and 
obtained encoiiragin.i>' r«‘sults ; vace.inated aaiiinals stratd nj) i.o the (iisease 
ndiereas Hi per cent of un vaccinated aniniais contracted the <lis(aise and died, 
'■'Sclndllnise [1921] obtained e(inally encoura^iving results with the same method. 
"33rakopcndos (quoted by Sylianopoulo) wa,s snct'.essfnl in protecting animals 
with a mixture of lung pulp and pleural exudate. 'bStyliariopoulo claimed irood 
results for a fbrinalinized vac, cine ]>reparefl from a mixture of lung pulp and, 
pleural exudate. ' 

The pu,r])ose of bliis article is to de.s(',ribe. furtlKjr woric oil tlic ilisea.se in India 
in extension of that originally recorded by Loiigley [1940]. 

Ol!’ THE :iNVE.S’ri(IA’riOM 

Dining tiu' last dc.caile, there has beim no dea,rth rif matcri.ii for invc.stigation 
into centagious 'pleuropneumonia of the g(»a,t. TJie disi'ase has been gi\en promi- 
nence in the annual reports of nearly all the i’rovincia,! Vt'teri nary In vesi iga, lion 
Oflieers. The invcsligaiion now recorded was set up in 1912, and as a matter of 
convenience, outbreaks of the < lisea.se which ocenried in Ihnnbav Province, duriiuf the 
wilder months of 1942,* were selected as I he main held of investigalioii. Tiie main 
olijectives were to detennim' (a) the iiuiihmce and inortaJity in the fiidd. (b) the 
nature of the diseas<‘ with relermice to iis (‘pixootologv and pafiiohtgv, (c) (he casual 
agent, wliich having been deiidial, (d) c,.ntrol_ by' vaccination or'ether suitable 
measures, viz. (c) therajieutic. It has Ixam claimed I>y several Veferinary ()J}ic(>rs 
in India and ( eyion that novarsenobillon is an ellectlve rmnedy in acuti^ cases. It 
was necessary, 1 horefore, to investigati* this claim. 9’hc gcnm'a'l lield investigation 
W'ns c.oordinatcd vvitli work in colIabora,tioii with Provincial Videibiarv ln\<‘siigation 
(Hlicers. <'hicfly as regards the epizootulogy. pathology and iliagiiosis of contiudous 
])leuropneumonia of l.Iie goat as it occ.nnvd in other provinces. ' No assumption was 
made that all outbreaks ol contagious ])lcuropncumonia in India, were actiolo<i'icaliv 
idontical.^ Indeed, it is fairly well (>,stablislied that some outbreaks ..f imeumonia of 
the goat in India may be related to infeci.ion with ConjHrhaiienvm or lieiminths or 
ev(Mi with a virus at present uuder study. It was at onc(' apparent, therefore that 
a means of hold diagno.sis of the ]mivalent e]hzootic form of the di.sease was uromitiv 
neeeysary if any aemirate recording of the incidenc,e in the provinc.i's w'as lio b'c 
])ossible. Fortunab'ly, i,his means of diagnosis became available at an ('arly sta-e 
ol the investigation. The (uitire experimental work relating to tln> isolation' of Vim 
(msiiai organism and immunity w'us staged at Izatnagar in lorallv purchasi'd 
goals The w'orlc im imiminity (‘.xplore.l the claims [Longloy. 19l0| <,f u'sefid prol.ec- 
lion by means ol lorinalinized vaeciiu's prepared from lung ina.sh or pleural exudab* 
oblamed from a natural ca.se of tin* disea.se, am! also by'lirsii (‘xudate -dviui s,'dV 
(‘Utaneously either by ear or tail tip. The work finally progressed on'" the line'- 
of vaccination successfully eiuployed in tlic control <.f contagious bovine. oleunV 
pneiimoma. ■' 
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ImcisUgation in Bombay Ihovmcii 

luvestigiitioii centred in tlie tract and 

is coiisklcraljlc in this area, it is divuled | i ‘ Ho!f"eont.aine/i fn'rtls; 

the opportunity did not occur of observing tie w^^ts *i disen'^* hithefio 

OalcH otftc rtiLaa sporadic aBd «w«ers sta^ tW Itmtl S nai 

krwlnes tJic disease being again confined to goate. Tiit. miib i 
commenced two weeks previously and 6 . svmptonus 

Tlie. claratioii of the .liscase was given as three to eigid ''y^' ' 

wore nasal discharge, at first miieoid, later l>“™y’ ' . , , ;K' 

, 1 P to lOd'b^F.. staring coat, burned respiratuui and standing m th * j 

extended neck and the foveUnibs set wide apart. Severe tera.n.al diarrhoea UHhored 
in prostration, ooma and deatb. 

Valliolixp! : Fidd cases ai Dlmrwar • i 

Ten eases were examined. The first goat showed extensive eoiusohdainiii or iJie 
middle lobe of the right hmg, with a small plenritie pateh over the dorsa smhiee 
of the lobe, imd no exudate in the chest cavity ; the bronchmned)a.st,inal ghindh whl 
.enlarged and oedematous. The, trachea and the bronchi show<>d calanba! ciiangc, 
and the pha.rvnx and larynx some (lecid<‘d <H>ngestion. Kb initis with nasal dis» 
charge was ]>, resent, with no CaXtension into tlie. sinuses wliicb weiv fr<M.j ol 
The second goat showed a patch of pleurisy over tlpi middh*. hdx* of the right lung, 
but the. lung nas entirely free of pneuinonic chaiigc.^ l"hv lesions ol t.ln^ upper 
respiratory tract were common to this goat and to those m the senes examined, I he 
third goat showed extensive pleurisy on both sides with adln'smns todhe ehest wul , 
and empvonia was marked. Tlie left lung alone was affee.tcAl, all lolies i-oijsoluhU.a . 
and abscess prominent; examination of the pus showed (J. pipHrirs, 1 he tmrtli 
<mat showed extensive consolidation of the entire left lung with generali/AHl pleurisy 
Sf that side and firm mlhesioiivs to the chest wall and pericardium whicii Wiis con.sidera,- 
ably thi(‘.kened ; the right side of. the chest was unaffected. In tlie fifth goa,t, the 
diaphragmatic lobe of tbe right lung was consolidated, with a small patch of pleurisy 
on the dorsal surface. Tins patch was organised and firmly adhenmt to’ the, upper 
rib surface. Pericarditis was well marked, the pericardial sac containing librjnous 
exudate. The mediastinal glands were enlarged and more oedematous than 
in other goats of the series. The left side of the cliest cavity was imalfeeted. 1 ii the 
sixth goSi, the right diaphragmatic lobe was alone involve.d and firmly adherent, 
to the chest wall, ' In the seventh goat, both lungs were firmly attaeluMi throughout 
all lobes to the (d]cst^^udl, and covered by a thick layer of partially organized fibri- 
nous exudate ; empyema was ])resent on, both sides. The left lung timiughout, showed 
advanced septic pneumonia, with multiple abscess and cavitation. _ TIic right, 
side of the lung was normal, only the pleura being involved. Extensive libriiions 
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pericarrlitis was seen with adhesions t.o the anterior lobes of l)oth. ]un,£*’s a, ml to the 
floor of tlie sternuTii. In the eighth goat, all ]o],)eH of the left; lung wei'e (‘.onHolidated 
and covered with a layer of fibrinous exudate undergoing orgiMUi'-al ioii with adhesions 
to the chest wall and ]jericardiuTn. No lesions were seen in tlie right Hid(j, Idie 
Tunth goat showed similar lesions to the foregoing, the right middle and diaphrag- 
matic lobes being involved. The. tenth goat, the original donor animal userl in the 
i,solation of the ‘virus’, showed extensive pliiritic adhesion.s on both sides, as well 
as pericarditis. Lesions of pneumonia were restricted to the nnddle lobe.s of the 
right and left lungs. The pleural sac contained about 100 e. c. amber coloured 
exudate clotting rapidly on removal. Maibling of the Inng.s was seen in only three 
goats of the series. To sum up, the essential lesions of the dis.ease seen in held 
cases were : 

(a) Catarrhal inflammation of the upper respi ra. to ry tract, with rhiniti.s and 

na.sal discharge. As no larvae of oe.Htris o vis were, seen in any of 
tliese castes it was assumed tliat the lattiu' l(*.sion was a S[)eeilic hadurc. ol' 
the (llsea.se. ‘ 

(b) Tlie cardinal lesions affect the pleurae and Inng.s. l’h(>re was a storng 

tendenc.y for pneumonia, to be unilateral, with no prediJention either (or 
the right or l(*.ft lung. Phuirisy, ofteiii of a gros.s degr»M\ might have 
(txisted independently and tlie lung on that sidi* be nnahee-ted, ; or, (,1 h‘ 
area of ])]eui‘isy might liavo been almost negligibh* in f;o}npa.rison w'it.li 
the extent of lung involved in the pneunionie, j)i'OC(3,sH. The pro.senee 
of exiiflate within the cliest cavity was by no mea.iis a. (umstant hniture. 

(o) Consolidation of the lung affected either the middle, or (Uaphi'agmatiii lobis 
the anterior lobe escaping involvoment. The type of pneumonia was 
essentially fibrinous and non-septic. B’owever, the original pnoumoiiie 
process might have been complicated in few ca.sesb)’ a. sec-ondary septic 
infection. 

(d) Faricarfliti.s w'as a frequent finding. 

(e) There vvas a total absence of lesions in tlie alxlominal visu'cru, with the 

exception of parasitic gastro-enteritis wliioh wa.s a constant lindirm',. 
and considered to be the origin of the severe diarriioca setm din-ing tlie 
covir.se of the disease. 

Experimental transmission of the disease in healthy goats wa.s attempted with 
materials from four ol’ these cases. The goats used were obtained from adi.sea.se- 
fre<^ area about 20 miles away from the affected area. Three goat.s wen? in- 
Kii (Haled and subcutaneously inoculated in the lu'clc with mix(;d sa.line extract of 
pneumonic lung and pleural exvulate from one ca.se. All three goals dtivcloped, 
witiiin three days, a painful inflammatory oedema at tiie site orsuiKUitaiicous inocida 
lion. In two animals, an abscess formed which ruptured, and in tlie tliird animal 
the swelling absorbed within a week. There was no thermal reaci.ion. One goat 
died H) days ]), i. and show'ed pneumonia chiefly alfectbig tin* hd’t lung wi1.li 
co]Uoiis fibrinous exudate in the chest cavity, those le.sions being similar to those .sium 
in natural cases of the disease. The other two goats remaiue.d health}': om‘ was 
destroyed HO day.s p. j, and BO lung lesions seen, HVo more, goats we.rc inocnlattai 
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smhcmtnnooTislj in tlie neck ancl uitmtra,ehoa]'ly willi wilino cxtriicti of pncuintinia, 
lung of tJio ijositive readior. One goat develcjuitl a large iuTIftniniaiory txait'iiia, ai. 
the .site of sul)out.arioons inoeiiliition ejrteiKling • into tlie inniorlayiiig nniailca : 
pneuirioiiia \va,=i apparent at the tliird day and death oc-e.urnid five days p. i. Hie 
lesions seen were UTiilateral pneumonia, the anterior lobe of th»’. I'ight lung heang, 
affected with fibrinous exudate in the eliest <iavity. The second, gcK'tf- did not rtau't. 
and showed no lesions when destroyed 17 days’ }). i. One niore-^ gnat was 
subcutaneously inoculated and insufflated with saline extractor pneumonic linjg Irnm 
the positive reactor. Nasal discharge and intense local lesion were seen thre(! daa's, 
signs of pneumonia six days and death occurred twelve days ]). i. wilh lesions oi 
pleurisy, but no pneumonia. There field cases were examined baubuiologic'aliy. 
No organisms were seen in films Prom heart blood or pneumonic lung staiiunl by 
Gram, Loeffler or Giemsa, and broth and blood, agar tubes sown witli tlu'se ina,{«M‘ialH 
were sterile after three days incul)ation at 117 'fPC. Tlabbils suhe.utanetmsly ino 
culoted with saline extra, ct of‘disea.Ked lung from tlui three ease.s did not jn:u*t wliie.h 
appeared to negative a possi])]e PttHleunilhn infe(,‘t.ion. 


Trmismismn exjmime'nfs al. ImliKujm' 

The seed matenal derived from a clinical case sent from Dharwar. On anfop^v, 
the chest cavity contained abfuit four litres of (U)nnous exinhiie and lesituis uf 
pleuropneumonia were identical with those studie.s iii th(‘ liOd. Man’ goats \v<>re 
insufflated and inoculated subcutaneously in the jieck with j)!tajra,l exudale from that 
case. The dose given was 10 c. c. intranasaJly and 5 c, e. subeutanemi.sly, (hnU une 
developed a considerable oedema at the site, of S(ibcul.a,ue.ou8 iiaienlalHMi, and 
this abated within a week. Systemic r<'.a,ctiou and fever were iiol. nt)ted until 
25 days p. i. -when early signs of pnermionia were W'on, the teinperatm-** 
rising to 10G°F. within a few hours and remaining liigli until death four duy.s la, ter. 
Pulmonary lesions identical with tbosii occurring in the naiairal «li,sea,s(* were seen 
on autopsy. Goat two developed a, severe local oedema at tlie site of HubtnUaiU’ons 
inoculation and within six days the neck and clu'.st nmseles wen* gro.sslv intilira t.ed 
and swollen with exudate which collected iu (jiitintity along the I<»W(‘r Itorder.s oft he 
lesion. During the next two weeks the lesion' slowly retr<»gre,ss(Ml and a|)|ifu!vd ns 
a marble size induration 2(5 days ],). i., firndly <lisuppearing :5-l davs 
p, i. The reaction was afebrile, and marked, by no systemi(! distiirhanec , but PS 
days p. i. the animal was .again visibly ill with liigli fiwer. Kour days later, 
signs of pjicumonla were seen,. and the animal di(‘d aftcu* eight, days' illness, 'i'h.' 
piihnonaiy lesion, s were again typical. Goat three react(>d. rapidly, infiammatuj v 
oedema commencing 24 hours p. i., and quickly involving the nuisGr.s f.f 
the neck, forclimh and cheat. Fever commence.d two days p. i. ri.sing to IP" hf 
on the fourth day and dropjiing by lysis until the He.vent.h da,y, when tlu' {'ojiditimi 
of the animal necessitated destruction. No piummonia was's('.en in this ca.se at 
autopsy. Goat four did not r('.act over a perio<i of tiu*ee montk.s. 

Five goats were subinoculated with local lesion exudate from goat thi'e.a, imine 
diately after destruction. Goats five and six were .subcutaneoitsly innciilatcfl hi (.Ih* 
left tbigli with 10 c. c. exudated, goat seven with 5 c. subeutam ouslv in the 
peck and goats eight and nine were intravenously inoculated with snia,ll iVngments 
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of local lesion tissiiOj a wide bore cannula being used for this operation. Goat 5 
showed oedema s,t tbe site of iuoctilation one day p, i., increasing daily viiitil, at 
tlie tenth day when the animal was destroyed, the entire limb and hi}) vven'e 
enormously swollen, and tiie animal dead lame. Eever commenced four days p, i,, 
and the temperature was 105'6“F. for the nest five days, dropping suddenly on the 
tenth day. No pulmonary lesions were seen on autopsy. Goat 6 reiicted similarly, 
being destroyed at the tenth day, and no pulmonary lesions found. 
Goat 7 developed inflammatory oedema at the site of inoculation, but 
the lesion abated in extent by the twelfth day p. i. and steadily 
decreased thereafter until it was only visible as a beat size nodule at one 
month p. i. There were two sharp rises of temperature, one five days p. i., and the 
second at the seventeenth to nineteenth day p. i., but the condition of the animal 
was unaffected. No further reaction was observed over a period of two 
months. Goats 8 and 9 failed to react over period of ten weeks. Six more 
healthy goats were sub-inocnlated with fresh local lesion exudate from goat 5. 
Goat 10, inoculated subcutaneously in the left thigh with 5 c.c. exuda,te, showed 
a sharj) rise of temperature on the fourth day p. i. and fever up to lOO.d'df, for the 
next three days and then returned to normal. Moderate oedema of the thigh 
muscles was seen seven days p. i. and thi shad disappeared ten days }). i. No fiirtlier 
reaction was seen over the next two months. Goats 1.1 and 12 were insufflated with 
5 G.c, exudate, using a de vilbis atomizer. In goat 12 a febrile reaction was seen 
thirteen to seventeen days p. i., the temperature swinging between l.()G"lf.-l()7”lf. 
Definite signs of pneumonia were seen twenty days p. i. and death occurred the 
following da,y, preceded by severe diarrhoea and a sudden <l,roj) in temperature. 
The pulmonary lesions were typical of the natural disease. Goat 11 did not react, 
and died of intercurrent disease ten days p. i. Goat 13 was insufflated and subcutane- 
ously inoculated in the tliigh with 5 c.c. exudate. The only iMHictioii seen was a mild, 
transient oedema at the site of subcutaneous inoculation. Goats 1 4 and 16 were 
intravenously inoculated each with twelve oat-seed size fragments ol* the local lesion 
tissue of goat 5, Goat 14 did not react over a period of two Tuonths. Goal; 15 also 
failed to react, and when destroyed one month later, the righi) lung showed tw'O 
infracts in the middle lobe. Goats 16 and 17 were each insu Ilia, l:ed with 1-2 c.c. 
fresh pleural exudate fro.m goat 11. The temperature of goat 16 commenced to rise 
one day p. i. attaining 10G’4°F. four days p. i. On the sixth day p. i. a sudden drop 
in temperature coincided witb diarrhoea, the animal dyiTig the following day. 
Signs of pneumonia were seen on the tliird day and were advaiKied by the fifbli 
day p, i. Typical lesions of pleuropneumonia were seen on autopsy. The history 
of goat 17 was similar but juilmonaiy lesions were not so advanced. Two c.c. pleural 
exudate (iympli virus) from goat 16 was insufflated in goats 18 and 19 ; in goat 18, 
fever commenced <.)ne day {■>. i. rising steadily to 106*5°F. four days p. i. and falling 
rapidly when diarrhoea set in twenty-four hours or so befo,re deatli at the seventh 
to eighth days p. i. Pneumonia was definite at the fourtli d,:iy and aggivivated, until 
death. Lesions of pleuropneumonia were characteristie and. severe. In goat: .19, 
the reaction was similar, this animal being destroyed nine days p. i. or» a, moribund 
condition. Lesions of pleuropneumonia were not so a,dva.nced as in tb,c previous 
case, hut were quite definite. Pleural exudate iTorn goat IS was insuflhited in goa,t,s 
20 and 21, It was evident at this stage in the trausmission experiments tljat the 
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virus had become fixed in virulence for the typo of goat/ used. I'hreo tluui 
inoculated in the thigh ami three suhcutanconKly in the neck witli IVt'.sji lynij>li virus 
all reacted with fever and marked oedema at tlu^ sii;(‘, oF inoc-nlai.ion, pivigrcMsing {i> 
death, with typical lesions of pleuropneumonia. No variation in tlu'. vii'uhaice. of 
the lymph virus, as tested by insufflation, wa,.s notc,d b<itwcen local lesion exudato. 
and pleural exudate. In all, forty-seven goa,ts w(‘re insufflated. Ihniy-onc’ goals 
reacted and died after a typical vsyndrome with specific lesions of ple.uro^meunionia. a t 
autopsy. Three showed a varying degree of reaction, hut survived ; two fail'd, to 
react, and one died of intercurrent parasitic disease within a few da}'S of inoculation. 
Thus, the percentage reaction was 93‘fi with 87''1. per {;ent morbidity. 

Inoculation of hjm2Jh virus subcutanemsly in the ear tip of fjoatti 

Of 22 goats inoculated ear tip with a do, se of virus varying from O.i, to 
1 C.C., none survived. The reaction in these goats was uniform. SeviiU', oedema, 

of the external ear, increasing daily, was seen twelv(‘ to twi'nty fmir hours ufter 
inoculation, the temperature rising steeply to I0(V''F.~ j.07''’F. within i.he sa,me inh'rval, 
and remaining at this level during the eight to twelve days of illness, (hunnuouia. 
was usually evident at the fifth day, am! death was ushered in by severe diarrhoea, 
and a siiddon fall in temperature to subnormal In all cas(ss, pulmonary lesions were 
most marked. A precisely similar rc.sult was obtained whe.n a, f<‘W <(ro})s of lymph 
virus were rubbed in on the lightly scarified skin of tlu; ear tip of four healthy goats. 

Transmission by blood 

One healthy goat was inoculated subei]tan(V)u.sly in th(‘, nec,k with 2 o.e. Wood 
from a routine virus producer goat at the height oi‘ reantior.. a.nd reacted fatally as 
if inoculated with fresh lymph virus. 

Transmission by contact 

Two healthy goats were placed in a shed ap})roximately 10 ft.x8 ft. xl2 fr;. 
and, three clays later, four healthy goa,t,s inoculated subcutaiU'oii.Mly in the. ear 1,ip 
with 0-2 c.c. fresh lymph virus were iiitrodncod into the shed, allowing fro(^ contact 
between the animals. The inoculafced goats succumbed within ten da.ys. Tin* 
•first goat in contact was seen to be ill ninety clays later and developed .symj>t,anis 
of the disea, se which terpiinated fatally in ten days. The i)iilmona,ry lesions wer«^ 
mild but definite in this case and the causal organism was isolate<l from tlu^ Ic.sions. 
The history of the second animal was similar, signs of illness ])eing .seen hi 
days p. i. Pneumonia with high fever was evident six days later and signs of rocjovery 
at the twelfth day of illness when, with the onset of diarrhoea tlio temperature f<*]l 
steeply but remained normal for the next seven clays. The goat w^as destroyed in 
this phase, and showed early lesions of pleuropneumonia, the orgaui.sm being isolatcMl 
from the lesions. 

In a repeat test, a, healthy goat was insufflated with lymph viru.s and tied in a, 
shed alongside a healthy goat. The inoculated goat reacted typically and (fie.d of 
pleuropneumonia 12 days p.i. Fever was noted in the tost goat on the twelfth 
day, rising to 106-5°F. on the sixteenth day and swinging between K)5'’F.-l{)nT)“F, 
during the thirteen days illness. Pneumonia was evident on the sixth day of illness, 
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Advanced lesions of pleuropneumonia were seen on autopsy. l.n a furttier test, a 
hoaltliy goat was insufflated with, lymph virus and tied in the middle of large, airy 
shed a,j)}.)roxiinatoly 40 ft. x20 ft. x20 ft. Seven days later, two healthy goats 
were tied in the shed, one 20 and the other 10 feet away from the inooiilated 
goat, separate feeding and watering being provided for each animals. I’he inoculated 
goat died of pleuropneumonia in twelve days. The first contact goat showed a 
steady rise in temperature up to 106*6®F. from the fifth to eighth day of obsorvation, 
piiGiimpiiia on the ninth and death on the eleventh day. LesioniS of pleuropneumonia 
were seen on autopsy. The history of the second goat was similar, death also 
occurring on the eleventh day. Infection lingers in’ sheds for at least one month 
(longer period not tested) after the last fatal case. On two occasions healthy goats 
were placed in such sheds pending experiments, and the disease swept through both 
batches. It became vitally necessary, therefore, to construct sheds which could, 
be adequately disinfected between experiments. 

Emotion of the vims in sheep 

Seven sheep were inoculated subcutaneously in the neck each, with 5 c.c. fresh 
lymph virus. Throe sheep did not react. Three developed a nairivod tluiiaual 
and local reaction similar to that seen in goats inoculated in tlie same mamipr ; 
death occurred four, five and six days p. i. The lungs and intr^rnal organs were 
acutely congested and haemorrhagic gastro-enteritis was present. No local reaction 
was seen in the fourth sheep, but the temperature rose to four days and 

remained high, until death twenty-one da,ys p.i. This aiiiitial went down. st(iadily 
in condition without clinical signs of illness. Both lungs were normal on autopsyi^ 
T.lie pericardial sac and tluji mesentery were distended with a yellowish., fibrinous 
exudate. A healthy goat inoculated subcutaneously in tlie car tip with a small 
dose of this m.aterial reacted as vigorously as if inoculated with lyni])ii virus. Finally 
five sheep were iiivsnlllated with fresh lymph virus. Tiiree. ditl not react. The 
fourth sheep showed a transient thermal reaction. Tlie reaction in the rmnainiiig 
sheep was, however, scvim-c^ and death occurred on the sixi-eenth day, pneumonia 
being evident on tbe twelfth. Lesio.ns of acute pleuroptieumonia witii exudative 
peritonitis and haemorrliagic gastro-enteritis were seen o.a autopsy. 

Emotion of the vims in cattle 

Two hill bulls were subcutaneously inoculated at the .point of the shoulder with 
10 c.c. fresh iympli virus and insufflated at the same time with 5 c.c. of this material ; 
neither reacted over a period of one month. A third hill bull and a buffalo calf 
were subcutaneously inoculated with 6 c.c. saline pneiLmoiiic lung mash. Some 
inflammation was seen at the site of inoculation in both animals and this was 
ascribed to secondary infection, as active suppuration .supervened,. 

Emetion of tlie vims in lahomiQry ammals 

Three rabbits were subcutaneously inoculated at the side of the neck with 1 c.c. 
fresh lymph virus ; no reaction ensued over three weeks obaervatioiis of three, 
guinea-pigs subcutaneousy inoculated with 0*5 c.c. of the same virus one ileveloped 
fever on the eightli day p .i. lasting for a week, thereafter returning to norma!. 



l<-« (JONTAGIOITS PL'fiUROPKBUMOS^IA ON GOAT j.Vol XLX, J’iUi.. Ilf, 

Nature of the vims 

(а) Tcuaeihj. — Ly»n|)|] vims (pleural oxudaf.<^ and Siilin<‘ iime; snaMh) front 
rnntiiK^ virus jtrodiKUii's was storef] iu scaled airipoulcs at asu! Iic.st,c,<i hu' vivultuioi^ 
in liciiitliy goats at varying intervals of storage. Four goats itisidllated wiiJi (dur 
dn,ys stored virus r<?acted typically and died with specilic Ittsions of pleuroftruuittuuiia 
on autopsy, tbe vims being recovered from the lositms. 'flu! s;i,nu‘. results wtua* 
obtained in three goats insufflated with seven days stored vims, two goats inoculated 
suljcutaneously in the ear tip with 0-25 c.o. 15 days stored virus, and in two 
goats similarly inoculated with one month stored virus. Bix goats were 
subcutaneously inoculated in the neck each with 3 c.c, three months stored virus. 
Swelling at tlie site of inoculation was absent in all six animals but four dcvcIofxHl 
c(»nsjderable inllammation of the prescapular gland on the side of inocuilation. 
A standard thermal reaction Avas evoked in five goats and pmuinujuia w'as seen 
seven to ten days ]).i. with death at nineteen, sixteen, (d(‘.ven, sixtceti and sc.vc)]it(‘(U!i 
days respectively p.i. Ijesions of ])leuropiieumonia Aveni encountered in tiicse (ivc. 
goats, the vims Ixfuig recoveo'd. The renuiitiitig goad showed a, mild rise (tf 
temperature on the sixth to seventh day p.i. and no furtlu'.r vea.(*.tion ov<*r a period 
of thirty-six days. Fiv(‘. goats were eacli inoculaiicd sube.utainiously with 2 e-.e, 
virus stored for three and a half months. There was a slight, tavinsient sw(ffl}ng ai/ 
the site of inoculation in all live goats. One aiiinud fitivelopc.d hwer siwoti days 
p.i, and this persisted until death fourteen da)''^ p.i. permmotiia was seen nine tlays 
p.i. and ty^iical lesions of pleuropneumonia were seen on aut()f)sy. 

(б) FiUrahilUy. — Five e.e. fresh lymph, (pleural exudate) Avas diluted f w'ith 
peptone broth, buffered with M/15 phosphate, and passe.d through a. Beite .hi. K. 
disc at moderate positive pressure. Fresh lymph virus lias a constant pH 7“1 ami 
no adjustment before buifciring is really necessary. 'Idireti healthy goats were 
insufflated each AA-ith 5 o.c. filtrate. All three goats rcae.tcd as if givon purcs lymph 
virus, and characteristic lesions of pleuropneumonia were, seen in eacdi animal on 
autopsy. As Avould he seen later, the casual organism of the di.sease was originally 
isolated in purity from such Scite filtrates, thus giving an adequate, control to the 
filter discs usi.^d. The same result was obtained in five gnats sulieutaneuusly in 
inoculated in the neck Avith lymph virus, diluted peptone iiroth, bulTered ami 
passed through l^erkefeld V candle at a negative pressure oi‘ 15 mm. mercury. 
Graded filters were not available to test tlic limits of liltrability. 

Other slmim of virus 

In addition^ to the strain of virus isolated from an outbr<^ak of contagious 
pleuropneumonia of goats in Bombay Province, a strain Avas isolated from a,n 
extAUisive outbreak of the disease in the army depot at Benares (IJ. P.) and another 
strain from the disease in goats .in the North West Frontier ProviiKic. Poih 
these strains behaved in precisely the same way as tlic original Bombay strain 
when insufflated or subcutaneously inoculated in healthy goats at I;^atnagar. 
As will be seen later batches of goats vaccinated at Benares and in the North Wesi. 
Frontier Province Avith the Bombay strain virus Avere strongly protected ugiiinsi- 
the local Benares and Nortli West Frontier P.rovmce strains. ‘ Furtlie.r, a sample 
of pleAiral exudate was received through the Veterinary Investigation (.),11icer, 
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Assam, from an oiitbroak of pleuropneumonia of goats in that province. Two 
healthy goats each received 10 c.c. of this material siibcutamjously in the neck 
and a typical local and thermal reaction ensued in both animals, wliicli rcijovxn'ed. 
These animals proved immune to test two montlns latei' with tlx*, llombn-y strain 
of virus, the two controls to the test reacting fatally. The Veterinary Investiga- 
tion Officer, Assam, was instructed to inoculate healthy goats subcutaneously witli 
fresh pleural exudate from typical field cases and obtained results parallel to th.os('. 
seen in goats inoculated at Izatnagar witb the Bombay, Benares and the North West 
Frontier Province strains. No results were obtained in several attempts to isolate 
the Madras strain of virus .in goats at Izatnagar with materials sent by the Veterinary 
Investigation Officer, Madras. The indication was that the material (])leiiral 
exudate) was inert after five days in transit, as the original sample was fully 
virulent when tested in goats at Madras. The Veterinary Investigation Officers, 
Sind and the Central Provinces, also reported outbreaks of pleuropneumouiu. in goats 
and were, on instruction, able to reproduce characteristic thermal and local reactions 
in healthy goats inoculated subcutaneously in the neck with fresh pleural ex udate; 
from typical field cases, and the specific pathological features of the local and 
pulmonary lesions were identified at Izatnagar. Moreover, the Veterinary 
Investigation Officer, Sind, succeeded in the serial transmission in goats of the virus 
isolated. Attempts at the isolation of the Central Provinces and Siiid strains of 
the virus failed at Izatnagar, the viruses obviously having perished in transit. 
Investigation into an outbreak of pleuropneumonia of goats in a large breeding 
farm at Etah (U. P.) yielded data of considerable interest Betv'e(in 2 April and 
31 May, 1943, 121 out of a total of 190 goats on the farm had contacbul Iffio 
disease ; of this number, 75 died, seven were destroyed in extremis, 22 rocove]’ed, 
whilst 17 were ill and segregated. Preliminary investigation by the Veterinary In- 
vestigation Officer, United Provinces, indicated a strain of FasteumlUi ,as the aetio- 
iogical factor. We failed to isolate a Pasteurella strain in 11 cases bacteriologioiilly 
examined, but an organism provisionally classified as an actinnkwilhis was iso la, feed 
from tile penumonic limg of seven of these cases ; this organism growing readily 
on agar slant and in ordinary broth. Cultures evoked a virulent, septicaemia when 
intravenously inoculated in goats and rabbits, but subcutaneous inoculation of 
such animals was without effect. Also, goats liberally insufflated with freshly 
isolated broth culture failed to react. The disease could be readily transmitted to 
healthy goats at Izatnagar by insufflation and subcutaneous inoculation witli 
pleural exudate of material obtained on autopsy from the eleven case.s referred to, 
and in such experimental animals there was no further evidence of the organism 
isolated from the original field cases. The virus so establisJied from tin; field cases 
Was serially passaged by insufflation in healthy goats at Izatjiagar, ami the resultant 
syndrome and lesions were as seen in goats used in the passage of the Bombay Htru,in 
of virus. 

IXPEBIMENTAL DISEASE-PATHOLOGY 

The following lesions were seen in a series of 16 ea,ses of the cxpcubiicutal 
disease induced by insufflation with the Bombay strain of lymph virus. 

Goat 1 . — Died 27 days p.i., period of illness five days. Pneatnonia right 
and left lungs ; diaphragmatic lobes consolidated and adherent to chest wa,ll 
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and (iiaplivagm, with a few small patchies of well-organised pienrisy. Uighli ,nudd!(^ 
lobe, infracts of various size and some interstitia] oedema. wiMi scanty, e-!e:u 
fibrinous exudate in the clicst cavity. 

Goal 2 . — Died 20 days p.i., ill 14 days. Apical a.nd.. di4i|)hra.gmaJ.ic, 
of both lungs acute primary congestion, no pleurisy or; e.xudate. in clu'st cavity . 
Pericarditis, endocardium petechiated. 

Goats . — Died 19 days p.i., ill 6 days. Apical and .muhlh'. lobes riglit 
lung consolidated and covered with a thick layer of coagulated flinin and loosely 
adherent to chest wall; marked interstitial oedema and ‘ marbling’. Dir Mn^ hd't. 
.side, apical lobe consolidated and Viharbled ’ and diaphragmatic lobe acatt; prinuMy 
congestion. About 200 c.c. exudate: in cheat cavity. No [lericarditis, Init iletiiiite 
myocarditis. 

Goat 4 . — Died 11 days p.i., ill 4 days. Acute primary congestion <lia" 
pliragmatic lobe, slight congestion and interstitial oedrnna middle lobe left sidr* ; 
about 40 c.c. exudate in chest cavity. Pe;ricarditi.s with elTusion sitnil'U' i<» thai. in 
chest cavity. 

Goat 5 . — Died 70 days p,i., ill 9 days. A])ical and mfihlle lobes right 
side consolidated. Haemorrhagic irdrac.ts of varying si/r^ in diapliragiuai-ir^ 
lobe same side and in ail lobes of loft side ; about 5 c.r^. exudat<i in clic.st eavity. 
Pericarditis. 

Goat 6*.— Died 21 days p.i., ill 8 days. -Kntii'e left lung with tin*, exception 
of posterior third diaphragmatic lobe consolirLated : giuss generaliism} phuirisy, 
the lungs being firmly attacliod to the cheat wall end heart sac ; interstitial 
oedenxa well marked. Posterior half of diaphr-agmatic lobe, rigid, .side, eon.solidated 
and ‘ marbled but no pleurisy. Haemorriiagic infracts in lu)th lungs. No ('.xmlate 
in chest cavity. 

Goat Died eight days p.i., ill three days. Tip of apical lobt^ right, sidi*. and 
left middle lobe acute primary conge.stion ami interstitial oinlcma. No pli'.iuisy or 
exudate in chest cavity. 

Goat 5.-~Died seven days p.i., ill four days. Apical lobe and anterior ])art; 
middle lobe right side consolidated, ‘ marbled ’ and coated with a tliiidc layer of 
coagulated fibrinous exudate; co.stal pleura both sides extensively ].)etochia,ted. 
No exudate in chest cavity. Pericarditis. 

Goat .9.— Died eight days p.i., ill four days. Apical lobe and antm'ior half 
middle lobe right side consolidated and covered with coagulated librinous exudate. 
Lesions similar left side but no pleurisy. ‘ Marbling ’ distinct in both lungs and 
haemorrhagic infracts in apical lobes both .sides ; about 500 c.c. isxmlatt*. in" client- 
cavityi . 

Goat .Z9.™Died 14 days^ p.i., ill 8 days. Lesions confined to right side, 
apical and anterior border middle lobes consolidated, and aficcted parts covered with 
thick layer coagulated fibrinous exudate. No exudate in chest cavity.. 
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Goat I/.—DiecI eleven days p.i., ill seven days. Apical lobe and anterior part 
middle lobe right side consolidated and ‘ marbled ’ with, overlying pleurisy and 
adhesions to tins chest wall haemorrhagic, inirafits apical lobe ; about 3 e.c. exudate 
in chest cavity. Pericarditis. 

Goat ]2, Died eighteen days p.i.. ill six days. Apical lobe and anterior border 

middle lobe right side consolidated ; several haemorrhagic infract.s in diaphragmatic 
lobe ; no pleurivsy. Left lung unaffected ; about 40 c.c. exudate, in chest cavity. 
Pericarditis. 

Goat id,-— Died ten da 5 ’'s p.i,, ill six days. Right side, apical lobe consolidated 
and acute primary coiig<*stion middle and (liapliragmatic lobes wit!) several haemor- 
rhagic infracts. Entire left lung acute primary conge.stion with infracts. No 
pleurisy. Chest cavity contained a])Out 5 c.c. exudate. 

Goat i4,-— Died ten days p.i., ill six days. Apical and middle lobes right side 
consolidated and ‘ maihied ’ liaomorrliagic! infracts in diaphragmatic lobe ; no 
pleurisy. .Left apical o.iul niiddle lobes acute primary congestion with ])atch 
pkvuihy and early adhesions easily broken down ; about 100 c.c. exudate in chest 
cavity. Pericarditis. 

Goat 15 . — Destroyed nine days p.i., ill six days. Apical lobe right side 
consolidated and haemorrhagic infracts diaphragmatic lobe. Pleurisy with 
adhesions confined to apical lobe. Lesions in left lung similar. Scanty exudate in 
chest cavity. Pericarditis. 

Summing up, bilateral pneumonia was seen in. nine out of fifteen cases, with no 
predilection for any particular lobe.s. If anything the anterioi.* lobe was ino.st 
frequently affected (13 cases), more usually in conjunction with the middle 
lobe and less frequently the diaphragmatic, ‘Marbling ’ of the liingvS was seen in 
six cases and interstitial oedema, the precursor of this lesion, in three cases. The 
clear, amber-rioloured rapidly clotting exudate seen in the chest cavity of field 
cases was seen in ten cases of the series, but in only two cases was it particulaily 
noticeable ; in five of these eases the amount present was less than 5 c.c. Pleurisy 
was seen in eiglit oases, and in six of these the lesion extended over the affected 
portions of tlie lungs and was not generalii^ed on the side of the chest affected ; in 
two cases, pleurisy was pa.tchy. Early organization with adliesions was the rule. 
In six out of seven cases where pneumonia was bilateral, pleurisy was unilateral. 
Thrombosis of branches of the pulmonary artery was a common feature, and 
haemorrhagic infraction was seen in eight cases ; in six of these, they occurred in 
lobes of the lung unaffected with pneumonic change. Pericarditis with effusion, 
the exudate being similar to that encountered in the Ghe.st cavity, was seen in eight 
cases and was an obvious extension of pleurisy ; in only one case was the heart 
muscle affected. Cut slices of the pneumonic lung showed little, if and, variegation 
of the lobules as .seen in contagious bovine pleuropneumonia. Oedema of the 
broncliomediastinai glands and the mediastinum was a constant feature. The 
bronchioles contain ed a frothy exudate, but the bronchi and trachea, pharynx and 
larynx were unaffected. Nasal discharge and rhinitis was a constant lesion. 

The lesions in goats inoculated w‘ith lymph virus subcutaneously in the tip of 
the ear differ little from those described, in the foregoing series. The disease so 
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mdiicod is often more rapid in its oontse, “‘‘‘I ^mn-Blivo 

In a few cases, pneumonia may be absent on aiitopsy and tl . _ 

of a pure sopticaomia. That the vims can mmde 

been shown, but no attempt has been made to demomtmte it 

tissues other than the lung ; it is possible that the t» Ixarhm r t ■ v us P • 

of a septicaemio geneiaUsation. Over «0 goats were used in tin. .xi.n 

mental wmk on contagious pleuropneumonia of the goat. 

necessitated by the frequent casualties due to mtercnrrent ‘1“ »- "'I i . 

set experiments were nullified and had to be repeated, often ''.f 
most formidable cause of loss was parasitic disease. On no P 

invasion of the lung seen, but parasitosis of the gastro-intestuial ims un fon , i n, 
grievous in its incidence. All the known parasites were present i» WO'"!- 
Sentrations-usnally high-in individual goats; the assessment , if body we gits 
of these animals gwe a sinewed estimate of the gen^ malnutrition by 

parasitic infestation. These animals had a spurious vitality and balaiKiC. of in altli 
readily upset by adverse weather, or, worse still, )iy being subji^cted to ex'perinu'nial 
inoculations which had an immediately devitalising inilucne.o, laUmi, parasitic 
disease thus gaining the upper hand. In all, approxiumtely 38 per coni of goats used 
succumbed to parasitic disease. ‘Pimply gut’ was the most HerioiiH ol these 
conditions, and, in a considerable proportion of cases, eyideneu was obtained lt> 
show that a certain, high incidence of purulent peritonitis was ndated to this udesta- 
tion acting in conjunction with 0. jpyogenes. 


Anatomy and Mstopatkology 

The lesion in the lungs is a pneumonitis, or, more specilically Ht,atial, a prinmry 
pulmonary lymphangitis. The term trabecular lymphangitis or pcriiytnjihangitis 
would be more expressive of the genesis of the lesion, and tlui term ‘ septal ’ pnmi. 
monia. strictly correct according to modern classification of the ])ntiumonia.s. These 
septal pneumonias, either purulent, fibrinous or productive, are not uneommon in 
various animal species in which the septal tissue of the lungs is jiarticularly well 
developed, with, an abundant free communication with bronchi and {ileiira. 'I’hey 
originate in peribronchial and pleural tissue and extend along the vasimlar and 
lymphatic channels of the septa. 

Whilst this is the fundamental nature and origin of the specific pnimmonii*. 
lesions in contagious pleuropneumonia of the goat, the pneumonic lobes show thi‘ 
ordinary features of hepatization, the tyi>e of pneumonia being m,ixed crou])ous' 
catarrhal, originating apparently from a bronchiolitis. Necrosis of lobules lias 
not been seen. The septal veins are intensely engorged, and stasis of the venous 
system is indicated by the presence of blood pigment within tlu^ viun.s. IMie 
infracts in the lung follow the classic pattern, i.e., an area in which the veJns are 
stuffed with blood whilst the surrounding tissue shows an ‘apople.ctic ’ haenuj'rrhage. 
Swelling and proliferation of the endothelium with some hyperplasia of tlu* wall is 
seen frequently in branches of the pulmonary artery with thrombosis of a few of t!u^ 
smaller terminal branches. It is well established, however, tlmt thromhesis of 
branches of the pulmonary artery is not in itself a sufficient cause for the ilevidop- 
ment of infracts and that a deranged and sluggish circulation is the tjssfmlial 
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contributory 'I’his syndrome is well seen in contagious [^ienropnenmonia 

of the goat. The wedge shaped infracts are phmi colonre<!, said only modecatoly 
raised above the pleural surface ; they are easily dilVermitiated from a brniicho- 
f)n(iumoniG focus by the fact that the periphery of the lesion is not surroinidcd l^y 
of ahdoctiisis and empliysenia, and further that the cut surface is smooth and 
not granular and bleeds somewhat freely when the infract is quite recent. The 
perilobular, perivascular and peribronchial tissue is distended with, exudate contain- 
ing numerous histiocytes, lymphocytes and polymorphs. Histiocytes derived 
from the perivascular and peribronchial stroma infiltrate along the lines of the 
perilobular stooma and aggregations of these cells are seen at interlobiihir angles. 
The potential septal spaces are increasingly infiltrated until tlie wedges of new cellular 
tis.suc encroach upon groups of alveoli already pneumonic. So great is the pressure, 
combined possibly with some amoeboid power of these cells, tliat fchey migrate inta 
the air spaces apparently tlirough the septal lacunae (pores of Kohn). This process 
is usually focal in distribution and several pieces of the allected lung may liavo to 
he examined to gain a clear picture of the histological change involv(^d. Iheaking 
down of septal barriers and replacement of alveolar tissue with masses of histiocsyti^s 
may advance to the stage of obliteration of quite large, ai’ea of l;iss(‘. In soiui* 
Madras specimens, tumour like masses of cellular tissue were seen in w}ii(d) all 
outline of the air spaces were lost ; the bronchioles, resisting encroachment to the 
last, appeared as compressed slits lined b}'^ cubiodal epitln‘linni. 

It has been noted that myositis is a cardinal lesion surrounding tlie area of 
inflammatory oedema induced by the subcutaneous or intrjimnsfuilar inoculation 
of lymph virus in healthy goats. This lesion of the muscle is strictly cmupn.rable 
developmentally and pathologically, with that evoked in susco]>fcil)ie cattle iiio<iuln.t(Hl 
subcutaneously in the neck with a few drops of lympli Mrus {])kniral exudate?) front 
a case of contagious bovine pleuropneumonia. The counectivt* tissue rif the muscle 
is greatly infiltrated with a straw coloured, rapidly clotting, (ihrinons o.\’u<3at<! 
which freely drains from the muscle tissue on incision. In l<‘sions <i!‘ some stiMuling, 
the exudate undergoes organization and the cut surface of the tuusele is distinctly 
‘ marbled ’ and the muscle bundles are widely separated I ty swathes (tf granulomatous 
tissue. Acute inflarmnatioii of tlie muscle bundles is succeeded by ueerosiH. 
Thrombosis of arterial branches is a specific feature of the lesion wliioli is one of 
considerable diagnostic importance. 

Isolation of the causal organism- 

It was fairly evident from a study of the pathological lesions, particularly of tlie 
local lesion induced by the subcutaneous inoculation of lymijh virus in healthy 
goats, that an organism of the pleuropneumonia group was assoidated with 1,lu' 
syndrome of pneumonia in the goat, if not aetiologicaliy rc'sponsihh'. Tlu' rt'suHs 
of filtration experiments, in which the infective agent in lymph vii'us wa-s shown t.o 
pass Seitz B, K. and Berkefeld V filters, naturally led to tlu' seairh for a, Ultra, hie 
organism. Isolation was attempted in Bennett’s brot.li with 10 jier emit a,dded 
goat serum, Tlie first attempts, sowing tubes of this medium with a, few drops ol' 
Berkefeld V filtrate of local lesion or pleural exudate, gave, indeJinil,?' re., suits, but, 
later, as the virulence of the lymph virus enhanced and la'camc, lixt'd, ii, prove.d 
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, simple and certain to olitain primary cultures with such fi]tr{),1)es. Il<»we.v('.!\ the 

organism, could not be isolated from samples of virus stored for thn^e dfiys op rnore 
at oAmn if smdi material gav<^ positive results when frcish. The, iruiie.al.ion vva.s 
that the organism was filtmble only at certain stagtis of its tleveloinmeit,. 'Phe 
organism was first isolated from Seitz filtrates of blood from a gt)at insulllaiod with 
lymph virus and also from. ])cricardial effusion of a second goat inocuiaficd in the. 
same manner. The organism could, hoAvever, be isolated more simply and direedily 
from fresh, lymph virus by a method originally described by Ebert and Pe.retz [ 1929 ] 
and quoted by Curasson [1936]. A thin sterile strip of filter paper is lightly (iippG<l 
in lymph virus so that only a more fraction is absorbed by tbe ]>aper. Segimviits of 
the paper arc cut, with sterile scissors, from and above the level at which moistening 
is apparent, and these are soAvn in the special medium used for the isolation of the 
pleuropneumonia organism. This method owes its success, It is claimed, to the 
more rapid absorption of tlu^ pleuropneumonia organism when ])reHent along with 
adventitious orga.nisms, the latter absorbing more slowly. Whether this lx- th<‘ 
correct explanation, the method is of use in the absence of filter eatulh's jind is one 
that could be emjfioyed in the field. 

The raorpliological and cultural characters of the, organistn of goat pl{‘Ui’opne,ii- 
inonia are similar to those of tlie organism causing e(.)ntagious bovine pleuropneu- 
monia. Wliereas the bovine organism grows best in Ihmmjtt’s hi-olh with 10 p<5r 
cent added horse serum, Bennett’s broth with TO per cent goat scrum proves most 
satisfactory in the isolation and maintenance of cultures of tlu*. organism of ]>louro- 
pneianonia of the goat. Bennett’s broth with 10 [)or cent added bovine serum 
Was much less satisfactory, and the .same medium with 10 per cent horse Hcwum was 
definitely inhibitory. The organism of goat pleuro]moumonia possesses {‘.on.sid(‘ra.ble. 
tenacity in culture. Six tubes of Bennett’s broth with 10 p(‘r (icnt added goal, 
serum were sown with a fourth generation culture of the goat pleurofuieunioiiia 
organism and incubated at 37‘5°C. for three days when growtli was well esbihlishod. 
The plugs were tlien sealed with molten wax and the. tubes stoivid at J^ub- 

cultures from these tubes were made at ten to fourteen days int(*rvals in fresh tubes 
of Bennett’s broth with 10 per cent added goat scrum. Tlici cultures of tlu; g(»u,t 
pleuropneumonia organisms stored at x 5T. wore viable at 275 days Imt not at 2BG 
days. The classification of the goat pleuropneumonia oiganism as Borrrhhn/fcrtt 
^eripimnnonme capri, as tentatively proposed by Longley [1 94-01 t(5 d(weribe fortns 
of an apparent pleuropneumonia organism seen by him on ‘ dark ground ’ 
examination of pleural exudate from cases the disease in Madras, see,fns 
therefore appropriate. The proof that the organism that we have isolated 
is the cmisal agent of contagious pleuro])noumonia of the goat in India is 
that virulent and recently isolated cultures wluither insufflated or subc.utiineoiiHiy 
inoculated consistently reproduced the disease in liealthy go;its and that the 
organism can uniformly he reisolated from the lesions prodiauHl. 



Whether a natural attack of the disease protec-bs against a further attac.k, or 
whether recoveiy .from the disease is absolute is not known ; the lattei' is higldy 
improbable in view of the nature of the lesions. Workers in Africa have*, stated that 
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re(jurrenoe of the disease may occur after apparent recovery, but nothing is known, 
of this aspect of the disease in India. Our experiences in licid iiuo'.Htigaikm have 
sliown. that the level of susceptibility of goat t)opiilations to tiie exfXTimeiitid disease 
varies ; thus, the " takes ' in goats at Ixatnagar subcutaneously iiit)ciilat('.d in the 
ear tip with virulent lymph ‘ virus ’ (Bombay strain) was 100 per cent wlioreas, 
accordingly to Longley [1940], goats in Madras Province do not react to this inocula- 
tion with the Madras strain of virus. We found that goats in the North-West 
Frontier Province held an intermediate position in order of susceptibility. Tims, 
in the original isolation of the North-West Frontier Province strain of virus in 
Peshawar goats, 13 goats were used. Of these, four inoculated subcutaneously 
in the ear tip with 0*25 c.O. fresh ‘ virus ’ from a local case of the disease destroyed 
in extremis failed to react ; only three of si, x goats insufflated with the same ‘ virus ’ 
reacted with a typical syndrome and lesions ; three remaining goats were inoculated 
intramuscularly in the thigh and of these only one reaotctl and succumbed to 
pleuropneumonia. When the North West Frontier .Province strain of ‘ virus ’ was 
serially passaged in goats at lisatnagar, it behaved precisely as tJ.j,e original Bombay 
strain. Next was studied the possibility of immunity in Inatnagar goafs which 
had reacted to inoculation with the Bombay strain virus and survivtHl, The result.*-; 
obtained in the immunity tests of these animals were necessarily e(pii vocal on 
account of potential variations in susceptibility, yet indicativti ol* tlie genera,! trcMid. 
The question of the susceptibility ratio in goat populations is (jbviously of great 
importance in the general bearings of immimity and particularly in tlui a])j)lioation 
of methods of conferring immunity. It i,s equally olndous tliat a method of proved 
value in one province may not be applicaible in another })roviiiO(‘, It might ho 
argued that the method with the highe.st level of safety compatibh', witli an eli'ective 
immunity is the requisite criterion and one that could be unive.rsaliy applied. 
However, we would prefer to advocate the use of virulent ' virus * vacoine.s just 
within the limit of safety ;. this is based on our experience of inmiimity in the analo- 
gous disease in cattle. 

The indication of immunity in goats after recovery from a severe'. rti;u5tion evoked 
1)y the Bombay strain ‘ virus ’ given parenterally i.s seen m the, following cas(?s. 
Goat 1 given 2 o.c. fresh lymph ‘ virus ’ sulxnitaneoualy in the, neck rt.'acted severely, 
eventually recovering only to die when tested for immunity by in.sufflation witli 
homologous strain virulent lymph ‘ virus ' Ol. days after tlie. ortgimil inocula- 
tion. Typic,al lesions of pleuropneuniouia were seen in tlii.s goiit and in th<^ two 
controls used ; the degree of immunity was nil, the anima,! under test reacting as 
.severely as the controls. Three goats which reacted to and survived inociilalioii 
of virulent Bombay strain ‘virus’ in the thigh muscle were tes1.ed for imirnmity 
in the same way ; ' two goats were tested 52 days a, ml the tiiird 42 
days after the original inoculation ; one of the pair and two controls ebb'd of typitia.! 
pleuropneumonia after a .seyej^e reaction and two were solidly immune, witli eompleti'. 
absence of reaction to the test do.se. Two ’survivdrs of tlie series of insulilated 
‘ virus ’ producers which reacted severely to the original inoculation survivexi tlie 
same immunity test 18 and 28 days later, both conirols dying of the 
typical disease. There is, therefore, some evidence that a inea,.sure of immuni(,y 
is gained by an animal which survives the experimentally produced disease. I’he 
immunity is, however, equivocal. Although no reaction to tlie test dose wa.s seen in 
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tlia goiits tluit proved iinjuune to tlio test, four of six goats, the iviM-t-iou in t.iie 
reULaiiiing two was so severe, as to mdi<‘-atc uo iiuimmifcy w'liat.soe.V(,M‘. 'I lus’e. \vii,s an 
indioiition, from the original reaction to the virus, tlia.t all six go;its !ia,(l a, laiHv 
uniform ]ev(d of susceptibility and one would, th.(‘.r(dbre, hav<' expec.tc'd uni|oriu 
results in the inimunity tost of these six animals. Th. ; ationialons rcisults ul tlu‘ 
t^st cannot be explained but a similar plieiiomenon, has been tmeountered in our 
studies on iimnunity in the analogous disease of cattle. 

Longley [1940] showed that goats in Madras Provinct*, accpiired a sub.sfcantia! 
immunity when given 5 c.c. virulent Madras strain ‘ virus ’ subcutaneously iti tlie, 
ear tip ; the morbidity rate in goats so vaccinated wa.s O-l per cent compared with 
75 per cent in nnvaccinated controls. We have shown that this method oi inoiuda- 
tion, using much smaller doses of virulent Bombay strsdu virus, is att<mded with 
100 per cent mortality in goats at Ixatriagar. Thus, this metliod of vuc(dtiatjon is 
not one that could be recommended for geruival ii.se in tlu' field. Its oinployments 
would, apjiarently, depend on the .susce[>tibility h^vel of the goat popula, lions to be 
protected ; and useful a.s it miglit be in certain areas, it is es.siMitial to luive a, more 
attenuated vaccine for the protection of more; su.se(!ptible goat, jxjpulations. 
Pormalinized vaccine, in which tlie virirs is inert, has b<;en re(.a)mnumded by lAmgh'.y 
[1940]. Eighty-throe per cent of goats vaccinated wdth foriu;diniz(‘d vaccine iji 
Madras were immune when tested by iiLSulllatiou with fully virulent ‘ virus ’ 14 
days after vaccination. These results have not been coniirmcd in goats at Ixatnagar. 
Thus, 12 goats were inoculated subcutaneously in the ruick each with 4 
formalinized vaccine prepa,red from the Bombay .strain ‘ virus ' according to Ijongley’s 
formula. Six of the.se goats died of intercurreut di.s(‘a.s(‘., chiefly pur'iilent pi'ritoiiitis, 
leaving six goats available for te.st by in.sulllation 14 days after vnccinatifm. 
All six reacted fatally and as vigorously as tlie control, thus iiuliea,ting a complete 
absence of immunity. The test was repeated in eight goats, each give.n 5 c.c. vaetdne. 
The immunity test dose was 0’25 c.c. 15th geiKjration culliiire given .suluiutaneously 
in the neck 34 day.s after vaccination. The control gave an average re™ 
action, but six of the eight goats te.ste(l reacted very severely, and tlie le.sioHs were 
of the septicaemia type. The indication was that ]iy]>ersensitivene.ss and not 
immunity followed vaccination. The two remaining goats reacted moderately and 
survived. 

In contagious bovine pleuropneumonia immunity i.s be.st estabJislied with 
attenuated culture vaccines, and the next obvious step was to determine w'betluu' 
this method could be applied in the control of the analogous disease. The, Bombay 
strain of the organism was siibcultiued at .seven to ten day intervals in Beniiett’.s 
broth containing 10 per cent goat .serum and the po.ssible aitenuatioii of later genera 
tion cultures tested in susceptible goate by the ear tij) route,, Pour goats each 
inoculated with Oh c.c. ISth generation culture reacted .severely with infiammid;ory 
oedema at the^ site of inoculation and a typical febrile reaction ; three died of 
pleuropneumonia and one survived. Five goats tested in the saute way with 33rtl 
generation culture reacted less severely with oedema and fever, and altliougli all 
died within a week, none develojjed pleuropneumonia. An a])pre()iab]e attenuation 
in vicnlonce was discerned in cultures at the 43rd generation. Five goats were 
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inoinilated eaclj witii 1 c.c. of this CBltBre subcutaneously in the ear tip, tlu‘. inocula” 
tion being reactionless in all five goats* Goat 1 died 33 days p.i., follovviug 
an abortion. Goat 2 died of parasitic gastro-entoritis 10 rhiys ]).]. {b)at 3 wa,s 
tested for immunity 42 days p.i.j the test dose l)ciiig I c.c. virulent lymyli 
‘ vires ’ subcutaneously in the neck ; a very slight local and, tliernui] reactioTi ensued 
and abated rapidly, two controls to the test reacting severely and fatally, k mild 
febrile reaction was seen five to nine days pi., in goat 4, and tlie temperature rose 
again 16 days pi. and fluctuated between 105-106 until signs of pneumonia 
were evident forty-eight days pi. No reaction to the test dose was seen in goat 
5 which succumbed to parasitic gastritis 24 days p. i. Five more goats 
were given 1 c.c. 43rd generation culture subcutaneously in the tail tip. Goat 1 
showed no reaction and was tested for immunity 51 days p.i. with 1 c.c. ly.mph 
virus subcutaneously in, the neck ; a mild and transient local reaction was seen, but 
no thermal reaction. This animal eventually died of parasitic disease 65 
days p.i., and the lungs showed no lesions. Goats 2, 3 and 4 did not react to 
the inoculation and died of parasitic disease 16, 25 and 13 days p.i., 
,re8pectively. Goat 5 showed a sharp rise of temperature uj) to 106'^F. from 
the 23 to 26 days p.i., and was thereafter normal until tojsted for immunity 
thirty-nine days p.i. ; beyond a slight transient swelling at tho sitc^ of 
inoculation, there was no reaction to the test dose. The two controls used in the 
immunity test died of pleurcpneumonia after a severe reaction. The indications 
from the tests were that the 43rci generation culture was attenuated in virulence, 
and caused' no reaction, either local or systemic, when inoculated suboutaneously 
in the ear tip or tail tip of susceptible goats. Unfortunately, three of five goats of 
the ear tip series died of intercurrent parasitic disease, no lesions being seen .in the 
lungs of these animals, and one died of 'pleuropneumonia, in spite of the fact that 
there was no outward reaction to the virus. The remaining goat proved solidly 
immune on test, surviving for several months until it was discontinued from experir 
ment. In the second series inoculated tail tip the results were again marred by the 
deaths of three goats from parasitic disease, but the remaining two goats were 
solidly immune. There was, therefore, some indication that tlie 43rd generation 
culture was of some immunizing value, but the fact that one of ten goats vaccinated 
ultimately died of pleuropneumonia following vaccination points to a certain danger 
in the use of the culture, although, in our experience, one must always anticipate 
the hypersusceptible goat and assess results accordingly. 

Fifteen healthy goats were then tested with 48th generation culture, 0*5 c.c. 
given subcutaneously in the ear tip ; earlier work showed this generation of culture 
to be uniformly lethal when given subcutaneously at the side of the neck in 
susceptible goats. In only one of the vaccinated goats was any reaction seen and 
this was transient and mild. Four goats of the vseries were tiiste.d for immunity 
16 days later with 0*5 c.c. virulent lymph subcutaneously at the side of the neck. 
Three reacted as if inoculated with fresh virus and died thirteen, six and six days 
p.i,, and the reaction in the fourth goat was relatively mild with rapid recovc'ry. 
This animal died 36 days p.i., from parasitic disease ; no lesions were found 
in the lungs of this case which was, therefore, considered to lia.ve a mod(!rate imiasnre 
of immunity. Four goats of the series were tested in tho same Wi>,y, 28 
days p.i., with 0-25 c.c. virulent lymph. One goat showed a sliglit local reaction to 



202 CONTAGIOUS PLEUROOTtJTONM OP GOAT [Vol XIX, Pswii 111, 

tlic test' dos('. and rfiact.ion was absent in tbe second goat, and botii vvoM* dlscjml.miHid 

tliree months ]).i. ■ Tlu'J'iistgoatwasconshloredstilhnildly susccpi/ildcJ'O ilio vin.s , 

and not jd-togethm* inimimo, and tbo aecont! goat strongly imunnu*. 'Two lynuunoi:', 
goats and two controls died of pkniropneimionia 10 and 10 days p.i., alter a, 
severe reaction, and showed no immunity wliatsoever. The last seAam goats ^<>J the. 
series were tested by insiilflation with virulent lym})li 21 <hiys p.i, Five of 
these goats did not react to the test dose ; three were discontinued us solidly immune 
three months p.i.,' and two died of parasitic disease ID sind .15 days p.i. 
The remaining two goats with two controls reacted with typical })leuropn(unuoiiiia. 
There was thus some indication that a degree of immunity is conferre*! on suHCeptihie^ 
goats vaccinated with an attenuated culture which proves saf(i in the luajorit.y ol 
goats vaccinated. But the degree of immunity is not comparabhi witli tiiat conh‘rr(M|. 
in equally susceptible cattle vaccinated in an extremity {tail tip) with .*!,u iifcteimattal 
culture of the bovine pleuropneumonia organism whi<'.h proves lethal when givnui 
subcutaneously, at the same dos(g in tlie neck. 

Later generations of culture miti'. tlieii Lasted, Tliree lunilthy goai-s wt'rc esudi 
.subcutaneously inoculated in the car tip witli 0-5 c.c. 71.st gein'ration euliure atid no 
reaction ensued; the immunity test wjus 0*5 c.c. (Sth generation (mlii'.res .siilumtaju' 
ously in the neck 25 days p.i. One goat show<‘d a mild loeal and i herma.l n^aetion 
and recovered uneventfiiliy ; the otlier two goats did not r(‘aet .Mid a.II thii'C wtuc. 
discontinued 55 days p.i., as solidly immune ; tins control reaef.ed fatally 
with lesions of pleuropenurnonia. Bevcui goats were vnccinati'd in 1,lu'. same manner 
each with 74th generation culture and tesbid for immunity 20 thtrys latej* eae.h 
with 0*25 c.c. 8tl) generation culture given subcutaneously in the neck. None of 
these goats reacted and were eventually discontinued as solidly immune ; tlu': control 
reacted severely and died of plenropuoumonia. Finally, ten goals were. vaecinatiHl 
subcutaneously in tlie ear tip with 0-5 c.c. 80tli generation culture, A rath(*r Hever<‘, 
local and febrile reaction was seen in two goats, one of wliicli died of typical pleuro- 
pneumonia 36 days p.i. A mild local and febrile reaiitiou, rapidly abating, 
was seen in two more goats, but one died of GoyijwbmieY'utl ])ieurisy ',14 ilays 
p. i. and it could not be decided whctlior this scqitic iiifcistion was pi.'imary or super- 
imposed on a, Borrelomy<^es infection. Two more goats .sliowe<l a mild and transient- 
local reaction. Thus, the reaction iu the series iiiooulate<l with 80th generation 
culture was somewhat critical in comparison with the. .series inoculated with the 
74th generation culture. A possible explanation is that tlie quality of goa,ts (luring 
the later stages of the work was extremely poor, due to pj-evailing scare.ity of these 
animals, and the inherent debility of tlie goats used was noted, throughout exjxiri- 
ments, to be a factor ynedisposing to untoward or unpredictalik; rea(d-ions. The 
eight survivors of the series vaccinated with 80th generation ciilture W(‘.re tnsiied for 
immunity with 0*3 c.c. ISth generation culture given suhcutuncoiisly in tlu', nec-k 
37 days after vaccination, along with one control. Beven' goats were, 
wdiolly immune to the test and these were discontinued 2>‘1 days later ; 
the eighth goatrlid nob react to the test dose but died 21 days late.i- of 
extensive parasitic debility and bilateral apical pneumonia consid(‘red terminal and 
not specific iP type. The control reticted and died of pleuropneumonia six days p.i. 

Four survivors to therimmunity test of the series ‘vaocinatod (iar tip with .l-O (-..c. 
71st generation culture wete retested .for immunity, six months after the first 
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immunity test, with 0-5 c.c. 7th f 2 ;eneration culture given subcutaneously in the 
neck ; one of tlie animals under test showed a slight thermal rcaci-ion of iivo. days 
duration and ail were discontinued as solidly immune 18 days after the test, 
dose, the control dying of pleuropneumonia. }Simiiarly, four survivors of the 
immunity test of the series vaccinated ear tip witli 0*5 c.c. 48th generation, culture, 
were retested for immunity. Three of these animals and one control were insutllated 
with virulent lymph ‘ virus ’ three months and eight days after the first te,st : om‘ 
showed a m,ild thermal reaction lasting for 10 days, the control reacting hrtally. 
These- animals v'/ere again testi'.d for .immunity six months and fiv(^ days after the 
preceding test, the test (hrse being 0*25 c.c. 13th generation cultim' subcutaneously 
in the neck, (hie goat showed a. mild local and thermji,! reaction and a second goat 
a severe local and ra.ild thermal reaction lasting for six tlays, and all three were 
discontinued two months later ; the control died of pleuropneumonia. The fourth 
goat was ret(!sted for immunity three montlis and eleven days after the first test 
with 0-25 c.c. 8fh geiierafion cidturt^ subcutaneously in the neck. There wuis no 
reaction and the control reacted fatally. This animal wii,s .‘igain tested with 0*25 
c.c. 13th generation culture, given as before, seven montlis after the preceding test 
and showed a decided local and thermal reaction of si> (lays duration and was dis- 
continued one montli later as immune ; the control died of |.)l(!uro])neurnonia. 

The 45th generation culture v'as put to a field test in the Nortli W<^st Frontier 
Province. Fifty-seven goats were vaticinated ear tip witli O-h-l-O e.c. culture and 
placed in an o[)en pen. None reaef/'d to the vaccination. At the time of selection" 
of these goats, several were weeded out as obvious cases of pleuropneumonia, and 
two of the animals selected as healthy and fit for test died witliin the next few days, 
showing that they were in the incubative stage at tlie time of vaccination. During 
the ensuing two wee.ks, five more goats succumbed to pleuropneumonia and, tliere- 
after, there were no more d{^aths due to tliis cause, Idie vaccine seemed elTec.tive in 
cutting short furf.h er losses. Since it is well established in the Norfli West Frontier 
Province that once th<.‘ fliseasc; makes its ayjpearaiu’e in a herd, it ^irogresses steadily 
until tile greater part of the lierd is wiped out (90 to 100 per cent, mortality). 

Unfortunately, during the six weeks that the vacicinated goats were under obser- 
vation, 30 died of extraneous disease, chiefly parasitic. This left only 20 goats 
available for immunity test which was conducted by placing a batch of infected 
goats along with the vaccinated goats within the pen. The infected goats died 
within a few days and none of the vaccinated goats showed any sign of having con- 
tracted the infection after a month’s further observation. Thus, it would appear 
from this test that (a) vaccination was instrumental in limiting the spread of the 
disease in an already infected, herd and (/>) the .standard of immunity conferred by 
the vaccine was approximately 90 per cent. The possibilities of vaccination in the 
field were examined at an army goat depot at Benares and we are indebted to 
Capt. Jennings, li.A.Y.F., for his report on the work that was carried out jointly 
with the author. 

Experiments 

The experiments undertaken were to determine : 

(a) if a satisfactory means of immunizing the goats againsf pleuropneumonia 
could be found, 
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(&) tlie earliest point at wMoh immunity became apparent,^ 

(c) wliotlier strains from different localities were antigeni<'all> identi<'i 

Method . f 

Sixty goats were cliosen at random from the stock pens. 
each typer i.o. large over 70 lb., medium 50 to 70 lb., and 
taken.' The goats were divided into six batches often poh and ^ ‘ 

equal number of the three types of goat. The experimenta f fioutdit. 

from the remaining stock and separate attendanta_ pumdec ( ' > ■ 

necessary as highly virulent cultures were to be used on these animat )• _ ^ 

were identified by clipping the hatch number on the right flank and - ■ » 

on the left side. Morning and evening temperatures were talom amt th< i i. 
to the vaccines noted. The following inoculations were then curnerl out- . 

Batch /.--Freshly prepared undiluted pleural exudate and lung ninsl). u* 
material was obtained from a case of pleuTopneuimmiH. wbu-h 
troyed in extremis. As for as was possible under lidd condit ions hj .Tm- 
precautions were maintained. Each goat received 0*1 ml. oi iis v.u< un 
into the ear tip. 

Batch //.— The same material as used in Batch I dilut(d I/KM) with Mtmh* 
normal saline. Dose Od ml. ear tip. 

Batch ///.—This vaccine was an attenuated culture of the chumiI orimtufim 
obtained from the Indian Veterinary Research Institule. H wan n 
49th generation culture ; 0‘26 rah ear tip, • 

Batch IF.— This was also an a,ttenuated culture, Abth gmicmtion. 'flm wuiie 
dosage and method of inoculation was used as in IM ■ 

Batch F. — A formalinized vaccine prepared on the spot from mntcrusi tsblaitst'd 
from a goat dying of pleuropneumonia. The mc'ihod of po'pjiralpm 
was, briefly, pleural exudate and lung mash, 20 ml. of thin uddf l K* 
10 ml M/15 phosphate buffer and to this solution formaliti mohd 
to a final dilution of 1/1000. This vaccine was mmd id rc«»m Kenprt.t 
ture for 24 hours. 6-0 ml. were injected Kuheuiancoudv m t}.<* 
neck region. (A difficulty noted hero and Hub.se({iicnlly vnr4 thni fh^* 
pleural exudate coagulated very rapidly and bad to bt* io‘pt comK. 

Batch F/.—These 10 goats were kept as controls. 

Immunity tests ■ • 

Groats from each batch including controls were tested out on fhc twelfth, Umr 
teenth, fifteenth and nineteenth days after inoculation. In addition to iln-'x' s-Kt 
ficially applied immunity tests all experimental goats which hecumc siok iunl dfw *‘hqi 
ed pneumonia, etc. were left in the experimental pens thereby (UiKuriiig thni nil f ho 
goats were also in contact with diseased animals. Tt can be eiaimed , i limch »r«'. i }*;tt 
immunity tests wmre fairly vigorous. The animals were tcHtinl an ibijows 

(a) Twelfth day test, 0-25 ml. lung mash and pleural exuduto iVtnn Kf. hlv 
dead animal subcutaneously in the neck. 
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{h) Fourteentb day test, 0-25 ml. pleural exudate from Izatnagar, stored m 
ice, subcutaneously in the neck. 

(c) Fifteenth day test, 1-0 ml. of pleural exudate and lung mash from freshly 

dead goat subcutaneously in the neck. 

(d) Nineteenth day test, 0-5 ml. 3rd generation culture virus from Izatnagar 

subcutaneously in the neck. 

The results of these tests are set out in the Table I. 


Table I 

'Results of immunity test. 


Tested on 


Batch 

12th 

14th 

16th 

19th day 

Control 

2/3 

■1/3 

1/1 

3/3 

Lymph 

1/3 

0/1 

1/3 

1/3 

Diluted lymph 

0/3 

1/3 

1/1 

1/3 

Formalini/.ed vaccine 

0/3 

1/2 

0/1 

2/4 

49th generation culture 

0/3 

0/3 

0/1 

1/3 

85 th generation culture 

1/3 

0/3 

0/1 

0/3 


Numerator -- deaths 

Denominator— number of animal tested 


The results show that of the control animals 70 per cent died and the remaining 
goats in this batch were all ill, showing severe local and systematic reactions. In 
the case of the inoculated animals 22 per cent died. It would appear therefore that 
immunization of goats against pleuropneumonia would be worthwhile. Of the 
five vaccines tested, the 49th generation culture virus and the 85th gave the best 
results • the immunity conferred by the other vaccines, although good, tended to 
break down when the animals were tested with larger doses of virulent organisms. 
That a simple vaccine prepared on the spot does give protection is indicated and this 
method might be worth while adopting when an outbreak ociairs. The ammak 
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wliicii resisted natural and artificial infections are regarded as solidly iinraiine- in 
these iininime goats the local reaction following inoculation of virulent niat(U‘ia,l ueis 
very slight 'whereas in the control goats and the goats inoculated with ‘ lyn'ipii. 
and formalinized juice the local reaction was very severe. 

With regard to the time at which immunity became .apparent, it would app<?ar 
from the scanty figures available to be about the twelfth to fourteiintti day iift<?t 
inoculation. This will have a bearing on the time recpiired to ' hold ’ animals 
prior to transit, since experience in other diseases would indicate that there may be a 
‘ negative phase ’ in the development of immunity and, to expose newly inoculated 
animals to the rigours of a train journey may be to invite disaster. 

The results also indicate that the strains used at Benares and Ixatnagar were 
antigenically identical ; the very slight di'fferences noted are prol)ably due to varying 
degrees of susceptibility and refractoriness of the goats. The size of the goats did 
not appear to play any part in the experiments. 

Prophylaxis 

A. With serum from immunized .goats. Two goats for the ])Toduction of serum 
were selected from the batch of 15 goats vaccinated subcutaneously in the 
ear tip with 48th generation culture and later tested for immunity. The fiistory 
of the two serum donors was, in brief; goat (a), vaccinated ,ear tip 0*5 c.e.. 
generation culture, no reaction, tested for immunity one mouth later by insulllation 
with fresh lymph ‘ ■virus ^ severe temperature reaction for 3.2 clays ; again tcjsted 
for immunity % the same method, three months after the first test, and siiowcxl a 
mild thermal reaction of ten days duration: retested for immunity .six months and 
five days after second immunity test with 025 c.c. virulent lymph subcutaneously 
in the neck and showed local and thermal reaction for five days ; finally inoculated 
suhcutaneously in the neck with 0*5 c.c. 4th generation culture tlir<?e months later, 
mild thermal reaction three days and bled 200 c.c. fifth day p.i. Goat (h), vuccinateci 
0*6 c.c. 48th generation culture, very sliglit local and thermal reaction four to five 
days, tested for immunity by insufflation with fresh lymph virus ten day.s after 
vaccination ; slight febrile reaction fourteenth to twentieth day after test dost.?, 
retested for immunity five months and twenty-four days after previous tc.'st with 
0*25 c.c. 13th generation culture given subcutaneously in the neck, decid<?(l local 
and thermal reaction six to seven days after test dose, bled 200 c.c. forty-three days 
p.i. The sul^sequent history of these goats after bleeding was uneventful, atid both 
were discontinued tw'o and three months later respectively. The serum was carbolised 
at 0*5 per cent and iiiixed and the following tests carried out. Goat 1 was given 
0*25 c.c. 4bh generation culture subcutaneously in the neck, followed inmuxliately 
by 10 c.c. serum subcutaneously at the same site. Tfie test was siu'iifar in goat 2 
the serum being given six liours after the dose of culture. Goat 3 was kept as cun1';ro], 
being given 0*25 c.c. 4th generation culture subcutaneously in the ii/.'.ck. Both, 
serumized goats reacted severely and died of pleuropneumonia ; the (*,ontr<ji reacted 
badly and survived. The test was repeated in three more goats and all fhiec rt'acdod 
severely and died of pleuropneumonia. In a third test, three goats were insufilated 
with 2 c.c. 4th generation culture and two were given 10 c.c. serum Hiiboutaneously 
in the neck, one at the height of the temperature reaction (sixth day) and the other 
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at the i.»eginni!ig of the febrile reaction (second day). Both these gonts ajid the third 
goat iipod as control reacted severely and died of pleiiropnenmoniy. 

B, Wuh mvarnmoUllon . — *Giidcheft [1028], miotcid by (hrassori [lOhiij 
used salvarsan, with good results at a dose rate of 0*2 to 0*7 gm. according to 
body weight and claimed 88*4 per cent of cures in 74-<) animals trcai-ed. 
Novarseiiobillon was used in the treatment of contagious ])lcui:(jpneumonia of the 
goat by ^'Crawford (personal commnnication) in Ceylon, in 1982. Good results 
were claimed in the control of the disease ‘ provided that it was of the epizootic and 
not of the sporadic type In one outbreak, for example, nine goats had died within 
a few days with typical post-mortem lesions. Twenty-seven other eases wei’c 
treated with novarsenobillon and recovered. Even advanced cases which seemed 
beyond hope of recovery yielded to treatment and fifteen of the twenty-seven goats 
trcaterl were sold for slaughter in excellent condition about n year later. Encapsulat- 
ed lesions in the lungs, similar. to those seen in " lungers ’ in contagious i)ovine jileiiro- 
pneumnnia, were found in a certain number of these gcjats. 'Tlu' drug was giv<*n 
intravenously at a dose rate of 0*4.6 to 0*8 gm. aecording to the sizi* efthe goat. 
One dose was usually sufficient but bad cases w(‘re giv<m a second (.low*, after llire<* 
days. ’Klop<alkriBhanan (personal communication) reported favonrably on this 
treatment in cases of the disease in Assam, and reconnmmdcd a. d{)se rate* of O-lf) t,o 
0*30 gm. depending on the size of the goat. 3’he cases selecteti for tiNHitment Wfae. in 
the more early stage, of the disease ; fever commenc.ed to abate tAVimtv-four lioni's of so 
after the administration of the drug, ami general improvenund, was semi within two- - 
three days. In cases which exacerbated, a second injectio]i of the drug at the same 
dose rate Avas indicated four to five days after the fir.st injection. 

Experimental ti’eatmeiit of contagious j>]curopncumonia of tin; gtad; with novarse- 
nobillon (May and Baker) was carried out in goats at Izatnagar ; the <lrug was ft‘t‘sli 
stock and used .strictly acconliiig to makers'' instructions. Small sized goats wcu’e 
used in these tests and th<‘ dose of the drug was accordingly estimabMl. Goats 
I and 2 were moeulated subcutaneously in the nec'k with 2 <;.<*. lym])]i ‘ \'iru.'^ ’ stored 
for seventy days at 6'TJ. A moderate local reaction eusued in goat 1, followed b)' 
fever and .signs of pneumonia twenty-tavo day.s p.i., (mdirig in rcc.fjvery forty-three 
days p.i. Seventeen days later, this goat was insuflla.t(*d with fresh Ijinpli and 
reacted severely; 0*226 gm. novarsenobillon was giv<‘n intuivenously at the height 
of reaction, i,e. fifth day, and as there was no improvement by tlie iiintli day a 
second dose of 0*46 gm. was given. The drug had no a.])parciit effect on the c(U3]‘se 
of the disease and death occurred on the twelfth day with ty])i<;a,l lesions of ])]enro- 
pnenmonia. fSome toxi(; effects followed the second dose, viz. ])i'ofu.se salivation, 
muscle tremors and .some .signs of collap.se, but these were fleeting. The history of 
goat 2 was similar, except, that it showed only a mild local and thermal reaelion in 
response to the inoculatiojj of refrigerated virus, it was insufllat.eil along with fhe 
previous goat and given 0*226 gm. novarsenobillon at the height of fev<‘r at, I he sixth 
diiy, 3ind 0*45 gm. at tlu; tenth day, with the same results as in goat 1 The test v\as 
repeated in thrt'c more goats inoculated .subcutaneously in tie* ru*'-!: wit It i «*.e. 
fresh, lymph ‘ virus i\ll three goats reacted severely, iind each was <j.iveu ii-225 gju. 
novarsenobillon intrav(‘nous!y at the peak of the reaction. Thi.s wa,< (‘utirely with- 
out effect, the reaction progressing to death with lesions of phmrcpiu'umonia iii 
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eacl) (‘.aw? and if anvldiing, tin? drug Rmiiod to ac(5o!(’.ra,te I-Ik' lid.al otiiconH'. Mradl y, 
tlirc.c? goiit.K \V(?ro sulKiuta.iKvnisly inooulatod. iu iho n(?(5lv sviih d vx. iviiijth 
‘ virus ’ and, twanity-roiir hours tavo we;rogiv<‘n 0*2 on.?, nova,rscii(d)Ill(tu ini i‘;i\'rn 
ously, tin? third goat S(?rviiig as control. Tin? insaital goats react, cd :i,s si'v<‘rt>iy as i he 
control, death sn|)(?rvei)ing six, niin? and live days j),i. rospcclivcly. with silc<■i^!^‘ 
lesions oF plonropn(?umonia. 

Discussion 

There is little doubt, on the evidence 'available in tbc literature, that epixooiic. 
])lenropneuraouia of the goat in India is the same disease as has oecasioiu'd nuudi 
fruitful I'csearch on, the part of workers in Africa, Italy, Greec(*, France ajid idsc- 
whero. Mettain* [1029] and A¥alker* [19.‘121 showed that the disca,se coidd i)(‘ 
transmitted in healthy goats with filtrates of plennd {?xndate from clinical cases ofilic 
disease, and Kearney* [1927] obtained a suspicious opa]('Kce.nc(', sugg(?sl iv(', of grow th 
of a })hiuropncumouia organism in, tid.)es of Martin's broth sown with Inai.it blood, 
sideen and pleura,! exud,at,e. Oliver* [1910], Tiiylor* 11929], Fdwamis* ( 1922 to iil2til 
and Longley [lOIO] in, India a,nd *lIntdi(?ou [1889] in Africa a,nd olh(>rs (‘onsichued 
that, on path<.)logical grounds, the disease rcsembh'.d (?(nitagions bovdne 3)lcuro])m‘n- 
monia. Longley [1940] in India, *lIutcheon and IIc:ud(?rson [19291 irj AtVic.a. and 
*Mori [1918] and *Crinii [1920] in Italy a,chieved a, de.liuite measurt' of sii(‘c(?ss in 
the control of the disease by vaceination along lines similar to those, ]>rac( is(?d in tbc 
control of contagious bovine jdenropneuuionia. Tin? work dom? in r(M'(?iil. yea,i',s on 
contagious pleurop.neuino,uia of the goat ijv India, is largely a r(?s1.a,tem<mf, (d' the 
pioneering re.search referred to, with emphasis ontlu? isola,tion, of the ca.nsa,l organism 
and on immunity chivelope.d along modern lim's accepted ift t,he cont.roi of the 
analogous disease itt bovines. fii the invest igation into <mt, breaks of jdenropneunionia 
of the. goat iu India, during the last five years, a, filtrable, orga,ii,ism of I be pjenropn<?U“ 
monia group bas been shown, to be tin? aetiologica.1 fa.(d,or. Tin? disea.s<? caused by 
this (n‘ganisin has a wide dist.rihution throughout, India, and is, with tin' possibh' 
exception, of the disease due to n(?matode pa,rasif,(?s,- the nia,jor disease of goals in 
India,. The experimental work nnd(?i‘taken, shows the bighly in,fe(;t,ions nature of 
this disease. Contrary to the ()l)serva,tious of Longley [J9-1('fj, tin? di.s<‘a,se spreads 
rapklly in lu'althy goats mixed with diseased goats, ev(;n wlnm, there is no <l(r(?cl, 
contact, ; infection, <*ould be transmitted at, a. dista,n,ce of not, less than t wenty had 
in a shed. Further, it ha,.s been shown, tha,t sheds are inr<?ctive for at harst om? mmdh 
a,fte.r the last fatal (‘.ase. These ex])eriments indi(!at(?d t,he cas<? and rapidity ol' an 
air-borne infection as well as the tenacity of the oiganism nnd«‘r fi(dd (*oiiditi()?i;i. 
When lymph virus (pleural exndat,e) from a /i(?]d case was Hrst t,eHl(?d in goat.s al 
Izat.nagar, the preliminary results did not indicate a high order of virnhmee of the 
material, whether insufflated in goats or given suhciitajicon.sly in l.'jg' nf*ck, Afl(;r 
a few animal pa.ssages, how(?vi?r, the virus was exalt, ed in, vini!<'n(?(' for tin? lyp?? of 
animal used, so t.hat the results of inocadation utLiined a, r(!a.son.a,bh‘. imiformily. 
At this stage, and in subse(]uent ex]jeriruental woj-k, forty of rorty-sev(?n g(,)a'ts 
insufflated witli the virus reacted and died of specific pleuropneumonia, 'rin? 
results were even bettej- following suhcntancons inocnIa,f,io}i of a, few drop.s of the 
‘virus’ iu the ear tip of goats, all of twenty-two goats ,so inoc.nla, t,ed slniwing a .spt?cili(y 
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fa, i, ill reaction with plenropneuuionia on autopsy. Jt waa, tlimv.foiv., a imitterol 
whether iVesli virus for experimental work vviis obtained by oiiem* the other iuet.li.ofU)l 
inoeuliition. The lymph. ^ virus ' so oiitained was fully virulent whmi test(«l in luadthy 
c;o«itK l)y subeuta/neous inoculation in the iioek, iiftiM.* three months and, somowTurt 
attmuiated after tliree and a half monthsb storage at in this r<;s[)(ict, the virus 

of goat pneumonia resembles the virus of contagious bovi.n<‘ pleuropnenmoma. I n 
contrast. .Longley flOtO] described the strain of virus re.spotisibhi lor })Ieuropueuiuonm 
of the goat in Madras Province as being unusually fcigile, and non- infee, tivo alter 
9() hours at 0 to +5°a. A second point of difierenco worth noting is that Jjongiey 
described both the natural and the (jxperimental disease as essentially non-fchrde, 
which is contrary to our experience. One point of agreeiueut is iihat the, Indian 
sheep is siiseeptitde to subcutaneous inoculation in the neck with the Marlras and 
Bombav strains of the virus (other strains not tested). Seven of eight ewes tested 
by Longley 1 1 940] with the Madras strain reacted fa, tally with full local reactions, but 
t[u‘, saine virus ’ was witliout elloct when iusutnaled in healthy s]u‘e[). Of seven 
slice}) tested at jjiatnagar with tlio Bomliay strain, three reacted sevendy with lever 
and intense ])rogressive oedema at the site of inoculation and witli acui.e. pulmonary 
congestion oii autopsy. .Intense exudative peritonitis and [leriearditls were seen in 
the fourth sheep amrtwo of live shec]» insnlllated with pericardial exudate, from this 
case reacted, one fatally, with lesions of exudative fieritoiiitis and jileuropneumonia 
similar in typo to that seen in goats insulliated with lympli virus. It is clear, tlmre- 
fore, that the sheep is relatively su.sceptihhi to the virus ol jileurojUKMimonia of the 
goat, and it is not beyond the houmls of |)ossihility that cases ol this disease <lo occur 
in sheep in the held, althougli these have not been re})ort<‘,d. The symptoms ol tlie 
disease are definite and no dilliculty should he c,x|_)crieiieod in the diagnosis of clinical 
cases ; llio alToctod animars staintic respiratory dist.ress, eougli, riu.sal discharge and 
high fever are cardinal signs. Tlu‘, lesions ol tliC! disease ailurd the held workei| 
reasonable grounds for a diagnosis of jileurojmeumouia due to piU'i 

pitcatuonlae capri. h'he nature of th(‘- lesions must be assessed on a suflicieut numlau' 
of aiitojisies, and I he ana, lysis of the aggi'<\ga,te miisl conlonu to the following })att,ern 
lesions of pJeuro|)iuuiiuoiiia, tend to be iinil.-iteral, the antmior and uiidiile lobes niosl, 
cmumoiily involved. J’le.iiri.sy i.s librinous in tyj)c and early organi/iation willi firm 
adhesions to the cliest wall and often to the- jxuiiauBium are seen : jihmrisy is oftc.u 
limited to the affected area, of Ihe lung, or it may he pa-tchy ; ])neumouiu, may be 
liilateral and ]>lenrisy unilatiTal, or vice versa. Haemorrhagic inli'uets aiiywlieri*, on 
tlie long surhice, even when the surroiimling lung area is not [meumonic, thrombosis 
of branches of the pidmonary artery, interstitial oedema, or Irank marl ding ol the. 
lung,, a varying amount of a straw (‘oloured, ra,pidly clotting exmlate in the, chivst 
cavity or within the ])(>.ricardium are all lesions of gre,a,t signilicance. ^ In addit,ion, 
the histological changes in the affected lung tissue in va,rious stages ol deV(do|)ment 
of the, ])n<uimonic j)roc<^ss a, re (piite specific. Finally, the, subc.utaneous inomdation 
in the mu‘k or intraanuscularly of a few healthy goats with 2-B e.c. jdeural e.K.udale^ 
or saline lung mash will provoke, in one or more goats, a .sTieinlic syndronie and 
lesions at the site of inoculation and within the underlying nmsclei, and lre<|ue,ntly 
pleuro|meumonia,. No information is a,vailable from tlie hc.hl lo simw whel.h(‘r 
rccove.ry from the diisea.se j.)rotects against second atiaek. The icxiMuimmital dal,;), 
jiow recorded shows that some measure of iiumimity is gaintd by go:its fliat latrvive 
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survivors whivli nauit-nd su.varoly fco tlia iiiorulatioit of lyiuf)!! ‘virus’ Idnr \v<>n‘ 
solidly iiumiirH! to test insuHlaiion witli frosli lioiiioloyoiiK Ivruph vviiirli provokial a 
la.kid roa,ctioii wddi jjkuiropnoiiinouia on an<;oj),sy in six oonlrols. Tlit«. <M»rn.id<'lo lack 
of inuminity in two ooa.ts AvliicJi rouotod as badly as tlic controls caniioi be. cx{dainc(b 
It i.'' just possible that the interval between tlie orijn’inaJ inoculaiion and I he inuiu!!ii1\ 
test was too lonji' in the case of* the nou-imniuries ; thew'. were teste.d at lifiy- f wo an<! 
sixty-one days after the iirst inoculation as ('omjwnul wil.h {iio-ht<H‘n, t wenty-eiyht 
and torty-twu) days, although th(3 fourth iimniiiK! w'as tin'. })aii' of two goats tc^sle(i a,t 
lilty-two days. It. must also hv. considered whether the t.esj (mipioAU-d wuis not- too 
noon infection. The ]'(vsults (d)t.a'ine.d l.>^ Longh'.y 

[1. -1 in Madras goats wdtli a formaliniml lympii virus va.<Tine (-.ould not be ctjti- 
mned in goats vaccinated by this iiiothod a,t kat.nagar wit.h a vacciiu' pre.pare.d from 
tile Bombay strain ace.or.ling to .Longley's (‘oriiuda, and snbse.,,nentiv tested for 

nunuHiity by nisnJHa, thin witli the Innuohigous strain. 


he (piestion of the siisceptihility ratio of goaf, populations in ililTcrent iiaris of 
iHlia is ohviously of great importance in the general bearings of immunity and 
1< ‘‘< ”‘‘iny 'll th(' uppheation of the methods to be afiplied. once the principh' i.s 
accepl.('.d that more, than one. nietlnid of vaeeiriat ion is availabh' whieii. on rea.sotiable 
(St, IS proved capuhle ol eonrernng a useful immunitv whe.ii properlv applied \ 

j, ' I""', ruu^loy sl„iw(«l (Jiat a .sati.sriia(drv lavi.I af iiuiminitv was 

liiiih. h ? . ‘ ‘r' (■'> a toi,, lively law I,l'KUM.,.n(i. 

,1 S M, IW.1 1" r V'®''''"*''''- '■"'»p,u'i»on wil l, tl,i» nwi.K, ,, nalalivalv ,sn„ll 

. ; i. ^ .strai,,) „nir,„.,„lv eaus,.,! lalal ,ra,.|i„„; 

y ,t , |,lm,r«,,„„u„a„na. wl„,„ aiv..„ hy t|„, aa„u, in yaa'ta at lzat,u,..a,' i,n 1 e 
N hi r" r "'>><'» tJi<' virna w„« in lif.|,Hv llw .^ai- (i,,,! , , r' 

w,miil li-ivi. 7.,, l'„. i>iil iiiis is ii. factor wliii.|i 
iiietJaid of VI,. ?'• It iiiililit In, arjiiual (hat. Ili„ 

S'ltisficlorv V I, r'™ r 'e' ^ x‘dHy coinpiitililc with aiiiiareiit 

*'»' '-P-isiO u-itnr’ol, a 

to advoc'aic ,a' However, we wonl.l alwav.s pr,*,- 

opinion is in ‘ir-er>rrl ^ vaceine just, within the limit, of saietv. This 

sease iji which it the accepted ideas in the control of th(3 analmuiUH (li> 

(or attanuatio,,) of tk^’irin m™ ''*■“'* ‘•'H" viiailom,,, 

ated seliroly u‘ 4 . khe autigeni{- respfinsii im vaccin- 

v“«¥v „i, vi,r T 1 w'>i'si»mivacciLiio„ wit;,‘r;i;. 

oln.i«u.sllh,!Lot.h«ldk.™kT^^ in Ma,h.„,s, th™ (his is 

«i oith,.;: as PW « S'S^,n ’VhM ■sisily ol.tain- 

siibnutancouslv inocnhiti, w ith ‘1, “ 'V'" n,''""'"' 

<li,«tan,i,,a„V,ahnX;„d^^ 'i;'- i.s simple an, I 

wonU (lopenil on the m, alt, Z ' y®.'*'''*''"- ' I"' 'l,»■,Klon lo employ i.h,. ni,.tlio,l 

imttoafieldtabtinaviUaa in +h N n 'jy''™';'" ation. 'I'lii.s m.,t.I,u,l was 

villago m the North-West Frontier l>i.oviTOe where the disease 
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had !)< 5 <'.u Hiiumldcrijig for hoiiks months with serious losses. Tlie goiit, population at, 
tlie time of visit was about six hundred and three hundred and two.nty-on<; goat:-; 
were, vaeei Mated sidxiutaueously in the ear tip with 0*5 to 1-0 c e. lymph virui-i 
obtained frcjin, a clinical case destroyed in extremis ; the remaining goats wuue, hdt 
nnvae(;inat.<id as controls. Vaccination was reactionless in all of tin*. thr<>e humlnxl 
and twenty-one goats. Nineteen of those goats died ol' pleui'opneumonia within 
seventeen days of vaccination, and thereafter, no fresh cases or losses oecurnul if} 
this ha,tc]]. Seventeen of the nineteen goats died two to seven days after vaccina- 
tion and the presumption is that the majority of these animals were ahx'ady in the 
ificaljation phase of the disease, if not actually afiected, at the time of vaccination. 
-It was apparent that vaccination had cut short the incidence of the disease which 
c'ontiiiued unabated in the unvaccinated lot, in which the mortality was 75 ])cr cent 
as compared with three per cent in the vaccinated lot ; this figure, allows for losses in 
goats vaccinated in the incubative stage of the disease. Tkes<; r(‘.sult.s (;ompar<‘ 
favoural)h^ witli those i'<*cor(led by Longley [IMO] in Madras where the. mortality 
rate in goats so vaeeinated was 5-4 per cent compared with 75 per cent in unvaecinatfal 
conti'ols. We also agree with Longiey’s ob-servatioii that sofue losses in goats during 
th(‘. first twu) weeks after vacciuation in the lace of an outlueak must be (’xpecied as 
iinmiinity is somewhat .slow-- in building up and is not fulh” developed until about 
fourteen days after vaccination. 

Experiments in highly susceptible goate at Ixatnagar show tliat liimuet.t's broth 
cultures of the goat pleuropneumonia organism from the •Ifird t.o HOth giuuM'atiofi 
(later generations not, tested) are, on the whole, well tolerat(;d when given in luoderatt', 
dosage sul)ciJta.neoiisly in the ear or the tail tip. Thus, of tfiii goats va<!cinated with 
■.1;3rd generation culture, five ear tip and five tail tip, one goaf inoculate.}! ear tip 
died, of pleuropneumonia fifty-two days p.i. after a delayed reaction, the remainder 
showing no reaction. Five goats died of interourrent disease heforf' te.st a, ml tin; 
four survivors wliere solidly immime on test with homologous lymph ‘ virus ' giv<‘.}i 
subcutaneously in tlie, fleck, four controls reacting fatally and (iyiug ol' pleuropiieu- 
moiiia. Of fifteen goats vaccinated ear tip with 48tli generatioti (udl urt* n fle}.*j.ing 
reaction was seen in one goat ; four were tested for immunity with iym})h ' virus * 
given subcutaneously in the neck sixteen days p.i. and three reactiid and died of 
pleuropneumonia ; of four goats tested in the same way twent y-eight, days p.i. two 
reacted fatally and one slightly ; of seven tested by insufflation thirty-oue days p.i. 
five were solidly immune and two reacted fatally. Of ten goats \'accinateil ear tip 
with 71st to 74th generation culture none reacted and all were immune when tested 
twenty to twenty-five days p.i. with 8th generation culture, given subc.ut.afieously in 
the neck, both controls reacting fatally. Of ten goats vaccinated ear tip with 80th 
generation c.ulture, severe fatal reaction was seen in two goafs, and a. mild rf^a.ctioti 
with quick rextovery in four goats. The eight survivors were solidly immune thirty- 
seven days p.i. to te.st with J5tli generation culture given .subciitatieously iti the neck 
the control reacthig latally. Thus, of Forty-live goats vace/mai.ed with <adtur<' 
between the 43rd to 8()th generation, eight goats reacted to va(;ciua,t ion, thres* cases 
terminating fatally (G-ti percent), five died of intercurnmt diseas<; a.tni. of the thirty 
se.vani survivors subse<]|mmtiy tested for iinmiinity, thirty ju’oved itiunune (81 per 
cent). The majuiity of these fatal issues occurred in goats tested wit.h highly 
virulent lympli ‘ virus ’ given subcutaneously, five of twelve goats so tested dying 
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of pleiiropnciuiiiouia. (4 1*1) per cent) a.s aj^ainst two of twenty-live (K pf'.r (’.('nl.) i.e;il,e(l 
with Hti) to ]15th generation culture, in the l.wclvui goats l.e-stetl for iiiuiutnil v wii li 
lymph ■ virus ' all deatljs oecurre*! in the group test(Ml sixteen to twenty t hree (I.iak 
after vaeciaation, aiul none in tlu^ group testet] at thirtv-tiiue to fil’ty-one da, vs. 
ft is possible that this observation has some signiticaJUie, ’Fhe results of t.lu' te.st of 
the 45th generation culture in an infected batch, of goats in the Norili-We.st hh-onti<'r 
Province were coin])arable with the results obtained under much tln^ saine e-oiulil ions 
in that province with fresh lymph ^ virus ’ a.s a vaccine. It would a.])p(.'ai‘ from tin? 
results of the immunity tests in general tlnit measure.s now exist whicii ea,n do niueh to 
mitigate the ravages of conta,gjous pleuropneumonia of tlui goat in India, and the 
work of Longley 1 iOdl)] in. this connection i.s hirgely confirmed. 

* OoNCLirSlONS 

;V survey of th(‘. litera,ture. indicates tiuit contagious pleuroptu'uniouia old in' goaf 
ill India is the sa,me disea, se that oceurs, with equally devasf.aliug lo.sses. in luauy 
parts of Africa, in Italy, Ureece, France and other eountries of hhirope, in Asia- Minor 
and proliably in Celyon. 

In India, proof is adduced that this spe.e.ifie di.sease of i,he goa,t exi.sfs in the 
Provinces of Madras, Assam, Biunbay, Bind, tins Ncu'tli-West Frotilii'r Ih'ovini-c 
and in the Central Provinces and the lJni(,(!<l Province.s. 

The symptoms, course and pathology of idu' disease ar(‘ de.sc.rdied in de{a,il. 

The disease s}M’ca<ls rapidly by dirc(d- contact befwaam <li, sensed and hi'altliv 
goats and by air-boriie infection in a shed a,f- a, disl-anci^ of not less f.iian fwiuif-v feef.. 
Infected sheds remain infective for at least, oiui mont,h a,f1.(U‘ the. last faf.al ca.se 

The disease can l>e transmittial to susceptible, goats by insulllalion with phuiral 
exudate from natural case of the <li,seas(\ and tlu' virus be thu.s maintained iude.» 
finitely in serial passage. Bubcutaneous inoculation in susce.pt ible goat.s of Ihe .sauu' 
material causes a specific loca,! lesion, and IVtapieiitly specific pleuropneumonia. 
Catth^ and small ]a))ora,tory animals are r<'lVa(;l.ory to this inoculation and .sheep 
somewhat susceptible, although natural ca,.s(*.s of flic di.si'ase have not been d<*te<'t<‘d 
in .sheep in the iield. 

Lympli virus ‘ (j)leui“al exudate) nd.ain.s full virule.tua! fi»r goa.i.s wiieii .st.ored 
for three months at -j-b'd l. anil sliows decitled loss in virulencii at tlu'ce and om; 
half montlis. 

The infective agent in lyin])h ‘ virus ’ jiasses Beite K.K. and Herkleid V fillers 
at moderate mgative pressure. Biich filtrates are as piitlngynic in ,susc<*[)l ibh* 
goat,s as fresh lymph ‘ virus 

The causal organism may be readily isolated from siudi !i!tra,t<'s .sown in tu!)e.,s 
of Bcimott’s broth or agar with ten per cent healthy gcait smnm adde.d. 

Such cultures reproduce f.lie disease in susc(q)tible goa,ts, 'fhe eausal oigauism 
conforms in morpiudogieal and cultural charactm-s to f-lu; organism causing ('oida'doti,'. 
Bovine jileurojmeunionia and the nanus Borrdomifats pc.i'ijnir.ittmiiiuc caiirl scsems 
appropriate in the designation of the causal organism of contagious ple.uropiKsumonia 
of the goat. . 
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I’ho ovjifanisn). imdergoca deiiiiite attenuation in vimlence when siibcuitiired 
:it sev{'n to ten day intervals in tlu; medium described. With tln^ Bombay strain 
attenuation was appanmt at the 43rd generation culture. 

tiuitaidy atlouuated cultures may be safely used in the vaccination of suscep- 
tible goats. ' 

Formalized lymph ‘ virus ’ is of little, if any , value as a vaccine. 

Serum from, goats immunised with attenuated culture and later fortified W'^ith 
viruhmt lymph ' virus ’ was found to have no protective value when given subcu- 
taneously in goats at various stages of the experimental disease. The same result 
was observed even when serum and virus w^ere given simultaneously, or within a 
few hours, on opposite sides of the neck of susceptible goats. 

Novarsenobillon (May and Baker) had no prophylactic value in experimentally 
infected goats treated at various stages of the disease. The drug had no controlling 
el'foct on the initiation of the disease syndrome wdien given simultaneously with 
the virus. 
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STAPHYLOCOCCUS INFICTION IN CHICKS 

By C. Seetharaman and G.L. vSharma, 

Indian Veterinary Reaseareli Institute, Mukteswar-Kumaiin 
(Received for publication on 1 June 11)4'.)) 

(With VI Plate) 

I T has been observed tliat chicks undergoing immunization against llanikhet 
disease may occasionally develop symptoms of incoordination and lameness. 
Haddow and Idnani [IMO'I observed that the proportion of birds going lame after 
vaccination against Baniklud. disease tvas about ttyo per cent. Siiuie, on morc^ than 
one occasion, the number of birds goiiig lame after the vac.eination exceeded this 
percentage further investigation was imdertaken on this probhmi. with a view to 
elucidating the aetkdtigy of the t'.ciudiiion. 

Jungherr [ sliowed that an organism of tlu‘, chara,<l<u's of K'n iilf/hictKTH.s 
uweus was i-esfjonsibie i‘or artliritis of the tibio-nuda.tarsal joints in eases of livnuaiess 
in seven tnonth old turkeys, '^lu^ (-ausal organism \\a,s isolated from the lu^art 
blood in acute cases and from the aiTectod joints in 'ehi‘oni<i c.ases. blast ridgo and 
Jungherr [1940] ma<le ohs^Tvations «m the pat.!iog<'ni<‘it of an :!,siaa strain of 
shi'ph/hmxTUi^ isolated from the joints and the skin of naUiral or induced ibwhpox 
lesions, .fungherr and Plastridge [104 I j investigaletl eases of art hvil is of the tarso- 
metatarsal joint of live mouth old tairk<\vs, euused hy a xLtphtjlncoir.Hx. The 
organism coagulated rabbit plasma and liaemolysed ox ami Ciibhit blood. It was 
considered that the insertion of ‘ y])ecs ' or ‘ pi<'k-gua,rds ’ through the nostrils 
was a contributory factor in the, sjjread of tlie. dis(‘as(‘. 


OBsmrv.vnuNs 

Four cases of lameness occured in a batdi of twenty chicks, tAvoto fourwtHjks 
after vaccination at six weeks of age. Progressive lamem'.ss was ohse.rved in tluj 
afiected birds, which were destroyed. Post-mortem examination showed no 
macroscopic lesion in any of the internal organs. Cultures of a Grain -jiositive mic,ro- 
organism, occurring in pairs and clusters, were, however, ohtaine.d from the heart, 
blood, liver, tibio-metatarsal joints and bone marrow. On anotlnw occasion similar 
cases of lameness wore observed junong known healthy chicks of about thret; months 
of agti and such alTected biids died in the course of about luweek. On tluitocca. 
sion, also, none oi‘ the internal organs showed any gross lesion iuui a similar (trga 
nism was isolated fTWii tluMieart blood and the joints. The oceurrcuce of t.iiis 
manifestation of lamene.ss combined with the isolation offitupf/f/laotxuiNs ruled out t.he 
pos,sibiliiy of viewing the lanumess, among the vacOnated birds, as one of the elTects 
of the vaccination, and tlu^ observation was, subsequently, conlirmed by .similar 
lindings in healthy and vacciiiat(‘d birds. 
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Sym’ptorns 

The ali'ected chicks evincccl a locoiiiotoi* iiicooniinuthni rapiTly vvorneriin*? 
alonw with decided malaise, anorexia and ruffled feather, s, di-sineliniition ht move 
and marked lameness on forced movoinent. Examination of the logs .sliowo-d a 
.slight swelling of one or both tihio-metataraal Joints. The laiueness was generally 
unilateral though in a few ca.ses both the joints were afi’eoted, Boiue of the cases 
improved, whereas in others the condition deteriorated with in-turning of tlu^ toes, 
(Plate VI), That phase took about one to two wetdea to develo}) ami 
continued for several weeks, a few of the birds succumbing to the condition. 
From such cases the organism could be isolated i>nly from the aiTe('.tcd joinfe. On 
post-mortem examination none of the int<‘rnai organs exhibited any nnlced t'.yt's 
lesion. Tlie, affected tibio-inetatansal joints, hoW(‘,V(i!r, showed a sligftt swelling 
and haemorrhagic spots over the articular surfaces, (n a few cuseis, particularly 
in two to three, week old eliie.ks, tlm affection was ae.ubg sueh birds dying wil.hin 
two days. In those cases tlu) orgjini.sm was i.solab^d from l.le^ lennT blood, bone 
marrow and the joints. 

Baeterwhgy 

Bacteriological examination .show’-cd an organism in pure (Milturo with the 
following character, s : Oram jiositive cocci arrang<vl in pairs, teti'ads or in grape like 
clusters, growing well on plain agar and blood agar, the er)ionie.s iieing white, 
shining, round and convex. On blood agar platiis no haeniolysi.s was tti)serv<'d. 
The organism liquified gelatine. Acid was produe.cid in de.xtros<q jae.tose, sucrose 
and mannite, with no chang<‘. in raffinose, salidn and inulin. M. H. and V. P. reac* 
tions were negative and there was no reduction of nitrat<\s and neitluu* imlol nor 
ammonia w'as produced. The organism wa.s HgB ])().sjtiv<*, litmu.s milk was chjtted 
with the production of acid and rabit plasma was not cfjugulated. 

The organism wa.s identified according to Ihwgt'.y jTffffffj a.s Ixdcmging to 
Stophj/IococcKfi s p, and probably Stajihylomoaiifi alhus. The organism was com- 
pared with a knowm strain of S. aibiin available at this Institute and wuis found to 
sliow identical cultural characters and biochemical rea<'tioni,s, 

Pathogenityity 

Subcutaneous inoculation of the organism, in rabbite and gimea-pigs, producefl 
acute inflammation at the site of inoculation, generally acciompanied by tlie.rmal 
reaction and dullnesKS and lasting for two to Wr days. Fntravenou.s injection in 
adult birds of 0, 5. c.c. of broth culture, incubated for 24 hoin-s at produced 

in a majority of cases a chronic infection hut in chicks two to four week old an 
acute infection w^as set up. Subcutaneous inoculation set u]) a similar ueucraliztxl 
infection accompanied by acute inflammatory changes at the of inoculation. 
Feeding of the culture in the form of a .smspeasion in drinking water or w'ffll mi,x('d 
with the grain ration did not produce the disease. 

Discussion 

Reference to the literature cited indicate.s that pathogenic mphyloaovd ar<^ 
generally- coagulase positive and haemolytic. But in this article i.s recorded the 
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oceurreiico of an injection of chickens due to a sUiphylococcu,'^ which is at}'pical io 
that cultures were coagulase negative and non-haemolytic. But the pathogenicity 
test proved conclusively that the organism isolated from the lesions described was 
the precise aetiologieal factor concerned. It is generally recognized that a certain 
percentage of birds go lame for a fairly Jong period as the result of vaccination 
against Ranikhet disease, but only 0.5 per cent of vaccinated birds may be per- 
manently maimed. On occasions where the percentage of cases of lameness is consi- 
derably higher, an intercurrent infection of the type described in this paper may 
be suspected. It is difficult to account for such an infection in a minority of vaccina- 
ted birds, })ut it is possible that one effect of the introduction of the Ranikhet 
disease virus into chickens is a stimulation of an otherwise latent or commensal 
infection wit'; the strain of 8. aihufi. 

Summary 

Lameness in birds, caused by a Gram positive, non-haemoiytic but pathogenic 
staphjlococGUS is described. 

Subcutaneous inoouiation in rabbits and guinea-pigs produced acute inflamma - 
tion at the site of inoculation accompanied by thermal reaction. Intravenous 
inoouiation of the organism in adult fowls and young chicks produced chronic and 
and acute infections respectively. , 
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RINDERPEST IN WILD PvUMINANTS 


By K. C. (Sen Gupta, G.B.V,0., and N. S. Veema, L.V.P., Animal Husbcmdry 
Department, United Provinces, Lucknow 

(Received for publication on 20 March ,1947} 

(With two test — figures) 

S usceptibility of wild game to rinderpest kas been known for a long time 
[Poulton, 1927; Carmicbael, 1933] and outbreaks have been recorded in 
countries like Africa in wbicb the disease spreads to domestic animals Thomas and 
Reid, 1944], Du Toit [1947] has suggested that the presence of game is largely 
responsible for the continuance of rinderpest in East and West Africa in spite 
of wide-spread vaccination of the cattle. The jjossibility of the disease occurritig 
in wild animals in India has been suspected but the reported information is limited 
to rare records of natural outbreaks in zoo animals [Mohan, 1944]. This paper 
records another such outbreak which occurred at the Zoological Gardens, Lucknow, 
during the winter of 1946. 

History of the outbreak 

As far as could be ascertained, that was the first outbreak of rinderpest that 
occurred in these gardens. 

Before the outbreak, the paddocks concerned were occupied by the following 
animals : 


Paddock 

Animals 

Number 

A. 

1. Sambbar deer {Oermis aristotelis) . . . 

'■ 21 


2. "Biog (hex (Gervm porcinus) . 

12 


3. Black buck (A«^eZope cemcapam) . . . . . 

2 

B. 

1. Spotted deer {Gervus axis) . . . . . . 

69 


2. Eour-horned antelope {Tetraceros qitadricornis) . . . 

4 


3. Black buck . . . . . . . . . . 

1 

0. 

Barking deer (Oermlus muntjac) . 

14 

D. 

Neelgai {Boselaph'us Iragocamelus) . . 

2 

E. 

Neelgai . . . . . . . . . 

2 

E. 


127 


The location of the afiecte<l paddocks and the surrounding area is shown in 
the sketch below (Fig. 1). The dates on which the disease broke out in the 
different paddocks are also given. 
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Two sambbar deer in paddock ‘ A’ whicb pa-s-sod dyacntcric ntook ioi* a day 
or so, were found dead on the 28th September 191(b During the Hul.st.pient 10 
days, two hog deer and two more sambhar dc^er (bed ultm; showing Himilar, 
symptoms. Further deaths in this paihlnck did not occur inil-d the 1 /th ISovember, 
but on the 20th October the disease appeared in ])add()ek ‘ li , in which mn* or two 
spotted deer began to die occasionally after sliowing approximately tlu^ ssune s»;t 
of symptoms as noticed in the sambhar deer. Subsequent in death rate, 

to two or tlire(‘. a day gave rise to the auspie.iou of contsAgious distjuse.^ 1^ rom the, 
17th November to the -ith December the disease was in fidl swing in paddock.s 

‘ A ’ and ‘ B ’ after which, leaving only four hog deer which survlvinl the out- 
break in the former paddock and eight spotted deer in the latter, it appi'ured .sinud- 
taneously in paddocks ‘ C ’ and ‘ D on the 9tli December, and later (on the loth 
D<?cember) in paddock ‘ E After the death of one barking deer on paddock V 
(on the 9tli December), the remaining animals of this paddock were tranHferr(Hl 
to paddock ‘ F ’ which was vacant. Deaths, however, oontiiiued to occur in this 
last paddock, six barking deer dying there. The last death occurred on tlie 
Blst December. 

OrIGUN and SBREAD OE '1,'HE DISEAvSB 

All possible cfEorts were made to keep the wild anim,als in their natural environ- 
ments and they were in good health before the outbreak. Each paddock provided 
a wide area for grazing, which was supplemented by grass from outside.. Paddocks 
' A ’and ‘ B ’ had artificial ponds for drinking wo.ter supplied from a common tap 
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located in paddock ‘ A Each, animal was in the habit of coming to receive its 
share of concentrate (whole gram) distributed every morning and any one lagging 
behind was usually found to be sick. 

In the absence of any chances of direct contact between the zoo animals and 
the outside animals, the factors considered possibly responsible for the origin of 
the disease were (i) grass, which was purchased mainly from outside, and (ii) 
visitors, who often patted and offered eatables to these animals. There was, 
however, no direct evidence to definitely incriminate any such factors and it was 
quite possible that the outbreak was the result ^of air-horne infection. Two cows 
in a neighbouring bungalow, opposite paddock ‘ A ' died of rinderpest in the third 
week of September. Cattle in two nearby villages were also affected with rinderpest 
about the same time. The unenclosed grounds of the Gardens were open for grazing 
to outside animals. 

Tlie inter-paddock spread of the disease might again have been duo to (i) air 
borne infection, (ii) common attendants, and (iii) grass which was supplied from 
the same source to all the paddocks. The common source of water in the case of 
paddocks ‘ .A’ and ‘ B’ might have been responsible for the spread of infection from 
the former paddock to the latter. 

Mortality in different species 

The figures of mortality are given below in Table I. The species ooncer,ned 
are listed in descending order of percentage of deaths in them. This would 
probably also rejDresent the order of susceptibility. 

Table I 


Figures of mortality 


Species of animals 

Total 

number 

Deaths 

Percentage 

inortality 

I. Sambhar deer 

21 

21 

WO.O 

2. Black buck 

3 

3 

100.0 

S. Four-horned antelope 

4 

4 

100. 0 

4, Spotted deer 

69 

61 

88.4 

5. Neelgai 

4 

3 

75.0 

6. Hog deer 

12 

8. 

66.6 

7. Barking deer 

' 14 , 1 

7 

50.0 


According to Boulton (loc. cit.) several species of game in Uganda, viz. buffalo 
giraffe, eland, kob, bushbuck, sitatunga, reedbuck, giant hog, pig, and wart-hog are 
susceptible to rinderpest. Blue wildebeeste and koodoo have also l)een known 
to suffer. In the outbreak recorded by Mohan ([oe. cit.) in the Zoological Gardens, 
Alipore, Calcutta, the animals affected are said to have been deer, gayals, etc. 
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Fosl-mof hem features 

intetints oontoM dik 

The upper eit passages were cough ed and ^ 

liaemorrliages. 

^“^Zod fllme always proved negative and oulturos from heart blood and viscera 

made in a few oases revealed no jiathogemc organism. t 

The disease eonld not be transmitted to rabbits and girinea pigs by snhcntaneous 

and intraperitoneal injections f taZSitStoneously 

from fresh, carcases of sambhar doer, biii. t . . g ^ . these 

with spleen snspcnsion — 

15 rE?^ 

^^Hen tested at 

the Indian Veterinary ll&sench Institute. Miilrtoswar. _ 

The histo-patliolovical oxammatiim of the material (liing, liver spleen art 

and showed much desquamation ami erosion of the epithUiuin. 

The hirtilv su.westive clinical symptoms and post-mortem lesions contagio.a 
nature of tim disease, survival of tiio only aniirud inociilatod 'f ' 
serum -nd the history of rinderpest outbreak iii the adjoining locality led to elo 
provisional diagnosis of rinderpest. Siiccossfiil traiipiission oC the ' 

Sioularly with Seite-filterod material, and tlio immunity ol the tested goal to 
subsequent challenge with virulent rinderpest virus conlivmcd the iiiagnosis. 

Control measures . . • ^ • i 

Owing to the serai-wild conditions under which tiioso, animals w.uv, miuirtaii^ 
and orsequeiilly to their intractable ..atme, it diil not become pass, h e to ad i t 
vkoror easnres like inoculation of anti-rimlerpcst serum e,Kce|,t le . • 

• one spotted deer which was secured after coasidotable stiuggle. Uiis .mmia. 
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survived the outbreak. The infected places were disinfected with linui and the 
excreta was burnt. The water pond in paddock ‘ B’ was fenced oiT and fresh 
drinking water was supplied from a tube-well. A little quantity of potassinin (ht - 
manganate was added to the drinking water and the watering vessels wore ulsfi 
frequently washed. Separate attendants were employed for infected paildocks 
and carcases were buried deep with litne. 

SUMMABY 

Record is made of an outbreak of rinderpest in the Zoological Gardens, 
Lucknow. 

The diagnosis was confirmed on animal transmission and immunity tests. 

The clinical and post-mortem features are described and account is given of 
the mortality occurring in the different species. 
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A NOTE ON A VARIANT OF PABTEUEBLLA AVimPTlGA: , 

By N. S. Bankar Narayan and • T. P. Banerji, 

Indian Veterinary Researcli Institute, Izatnagar (U.P.) 

(Received for publication on 4 July 1949) 

T he existence of various types of PasMirella differing from one another in 
their type characters has already been recognized by workers abroad who have' 
classified them using various methods for identification. Jones [1921] classified 
according to fermentation reactions, Oornelius [1929] differentiated them by agglu- 
tination. Many others have adopted precipitation, motility or cross immunity, 
etc. as criterion for classification. Roberts [1947] proved by immunological jncthods 
the existence of different strains of Pasteurella s&pUm. Their natural cla,ssi{ic?a- 
tion according to animal susceptibility as Paste.urella, bovmptim. Past, suisaptica 
and Past amseptica, etc. does not seem to be satisfactory as, according to Roberts, 
strains of the same type exist behaving differently in their biochemical reactions 
similarly strains from different species of animals come under the same typo imtiiii- 
nologically although one is virulent to certain species of animals and not to others. 
Thus, in his type (I) he has included both, bovine and pomne strains and in ty pe (II) 
aviaii; bovine and porcine. A single avian strain from India which he examined 
was found to be a type of its own which at the same time differed from an Australian 
avian strain. Iyer [1944] also reported the existence of more than two serological 
groups amongst the strains of PaM. amseptica he examiiUHl. It is not definitely 
established whether such differential behaviour is an acquired cliaracter due to- 
environment although Iyer claims success in transforming a. strain of hoviseptim 
into a virulent strain for fowls after passing through pigeons suc(;essivolj ; but 
he has not definitely established the' type characters of sudi s.trains. 

During the course of an examination of a culture of PaM. amseptica^ we found 
the organism behaving in a different way in its biochemical reactions from the stand- 
ard type strain of Past, aviseptiqa maintained in the Institute. Two culture tubes 
of organisms isolated from ducks, from an out break reported to be of fowl cholera 
among ducks, were received from the Assistant Disease Investigation Officer, Madras 
for typing, with a report that a 24-hour broth culture in 0*5 <;.c. (los(3S Idllcid a 
rabbit, pigeon and duck in 12, 24 and 48 hours respectively but faikid to kill a fowl. 
Bub-cultures were made from the original tubes. The sub-cultiire along with a, 
culture of a virulent vstrain of Past, aviseptica maintained here were l.o 

the following tests and the results compared. The following .siat(auenl, shows 
the comparative results of the tests. 
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Pad. umseplkit 

Pad. a.ri.>*ip(ka 

(i) Cultural ttharacterH in broth 

ImtnaKHT .slrain 
nnilbrm turbUlKy 

Mad ran 'ilreiu 
aiiilurii! lurbidsfy 

(2) Motility (24 hours broth culture) 

Noiwnotilo 

Neji-nu!ti!<- 

(3) Motility (under room temperature) 

(4) (Staining 

do. 

Oram negative, 

eocco-faacillary 

do. 

Crum negative 

c.otu'O" bacillary 

(5) Bile salt media 

(6) Sugar reaction — 

No growth 

No growth 

IDextrose 

1 + 

v| ' . 

Sucertiwo 

+ 

„p ; 

Lactose 

' i 


Mannite 



Sorbite 

+ 


Mannose 

■ ^ 4.,.. 

■I" 

Saliein 

. y-.., 


JDuloite 



<7) Other biocheinioal reactions 



Indol 

+ 


. HaS 

+ 


V. P. ■■ 

, " ^ . ■ 


M. R. 

■ ■■ 


Nitrate 

-f 




(8) Biological 


r 



Twenty-four hours broth culture from tho Madras strain inoculated int«* a. raHiiit 
killed it in 32 hours with typical lesions of pastmrellufiiH and niimoroiis 
capsiilatcd bipolar organism in blood smear, but the same cuituro. pnidiuMMl 
only a slight febrile reaction when inoculated into a fowl and aducL 'i'iio 
experiment was repeated into fresh cultures is(datt‘.d r)’<uu l4u' animal, but, 
again there was no reaction. All attempts to iiicwaiHc its virulence by pass- 
ing through rabbits failed. 

'(9) Cross immunity 

It is possible that the organisms might have become avirulent due. i-o e.idtivation 
in artificial media during transit from Madras to Iscatnagar and licne.c their 
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faiJuT'e to produce any reaction in ducks. But such aviruiont cultures a.re 
capable of conferring immunity as happens in Pant. hovi^. Thei'elbro the 
fowl and diK'k originally inoculated \vdth the Madras strain were t<^st.ofl for 
immunity after 11 clays, Avith a 24-hour broth culture of the stock a, virulent 
strain of Past, nvisapfdca (Izatnagar strain) and both the birds died within 
24 and 36 hours respectively with typical lesions of pasleurdlosis. 

A rabbit Avas vaccinated Avith standard fowl cholera va,ccine (from Izatna,gar 
strain). After eight days the immunity was tested Avith a control rabbit 
using Madras strain. The control died Avithin 36 hours and the vaccinated 
one within 48 hours. No immunity was produced though the action of the 
organism was a little delayed due to vaccination, both the strains being 
totally different from each other. 

(Id) An attempt was made to type the organism serologically. To avoid delay 
in submitting the report on typing, the laborious task of preparation of 
ahtiserum froin rabbits w^as not carried out, but a shorter method Avas 
followed to give a fiiir idea of the type. A series of ])]ate agglutination 
tests were carried out with the, standard foAvl cholera serum and antigens 
from (i) Madras strain (ii) Izatnagar strain and (iii) direct culture from 
rabbit which died after inoculation of Madras strain. 

The following results were recorded : 

(i) Babbit cultures readily agglutinated Avith the serum even wlien Izatimgar 
strain culture failed. 

(ii) When tliick emulsions of the organism in normal saline solution were added 
to fowl cholera serum, only rabbit culture was converted into clumps. 

(iii) When emulsions of growth in fowl cholera, serum itself were .made, mixed 
and kept, all the three emulsions Avere brolcen up, l)iit the rab})it one was more 
marked and quickly formed. 

CoNCLUiSrONS 

(Serologically th<‘- organism seems to be a type of Pad.. avlsKftim, a, vjiriani, differing 
from the true type in its fa,ihire to attack sorbite and maimite and to pi‘o<lucc hydro- 
gen sulphide. It is putliogenio to rabbits only and not to fowls and ducks. Birds, 
recovered from inoculation, are not even immime to virulent strains of Pa.sL aDisaptina. 
This ffict again gives room to doubt Avhether the strain isolated from, ducks b(ilongs 
to the type of aviseptica at all. It will not be out of place to mention in this cfuinec- 
tioii that secondary invasions of Pastmrella, particularly in primary virus diseases, 
are not uncommon in birds, sheep and goats, and a serious epizootic of ducJvs, wliich 
broke out in Madras, and spread all oA?-er the military duck fai'ins in India (hiring 
the later part of the second Woidd War, has already been recorded and thevf^ is 
every reason to conclude that this varmnt of PmtmuMa. is only a s(((jondary iuviuler. 

SUMMA.RY 

A culture of PasUmrelki amseptica isolated during an outbreak among ducks 
in Madras was received and subjected to cultural, biochemical and biological t.c.st.s. 
It was found to be a variant of Past, amseptim pathogenic only i;<.> .rai)bit,s and not 
to ducks and foAvls, 
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THE EFFECTS OF HEAT TEBATMENT AND LIMB SEALING ON 
THE PRESEEVATTON OP SHELL EGGS 

By B. Bose and 1\ D. Mahadevan, Poultry Research Section, Iiiflian Voterinary 
Research Institute, Izatnagar 

(Rseeived for publication oil 1 Jane 1049) 

O NE of the major causes of egg spoilage in India is the development of embryos 
in fertile eggs especially during the summer season. The eggs become inedible 
owing to the embryo growth after about 48 hours when high, temperatures prevail. 
Although it is known that infertile eggs* maintain their edible qualities much longer 
even under adverse conditions, the production of infertile eggs is u difficult problem 
under the present system of poultry keeping in India. Oainpaigns to produce 
infertile eggs have made little progress even in the U-8.A. except in areas where 
large flocks are maintained. 

Funk [1943] developed a method of destroying the embryo in its early stages 
of growth by immersing the eggs in water or oil at constant temperatures for definite 
periods. The heat treatment of eggs was found to have the following beneficial 
effects on storage life : (a) many of the bacteria, if present on the shell and in the 
egg white are killed, (b) the embryo is killed and (c) the condition of the thick white 
and the yolk is stabilised. Funk observed that eggs heat-treated at temperatures 
ranging from 130*^F. to 142°.F. for a period of time just short of visual coagulation 
achieved the desired results. Bose and Stewart [1948] shed further light on the. 
effects of heat-treating shell eggs and studied the possible complementary effect 
of oiling on heat-treatment (thermostabilizatioii). They observed that heat-treat*- 
nmnt in water at 13()"F. produced a definite improvement in the initial albumen 
index of the 4'day-old eggs but not in the 5-hour-old eggs and indicated that the 
commonly accepted theory that egg quality of eggs which had undergone some 
deterioration, could not be improved by processing, wa.s no longer tenable. 

Experimental 

Eggti. The day-old eggs for the experiment were obtained from the Institute 
Poultry Farm. They were laid by standard breed White Leghorn and Rhode 
I sland Red pullets. The eggs were collected shortly after they were laid and held 
for a day in the cold store maintained at a temperature of 60°F. and relative humidity 
90 per cent. Only eggs weighing 50-60 gm. were used for experiments and they 
were randomized in (lifierent groups to minimise dift'orences in initial quality. 

Pfocet^sing of eggs. The eggs were placed in a wire baskef. and wiwe heat-tiT-.atcd 
by immersing in a well-stirrecf water bath inaintained at a tem[)e.ratur(‘ of bfO' lt. 
Bose and Btewart {loc cit) found that 130°F. is very <;onve.iiif;nt for heat 'treatment 
of eggs because both the albumen and yolk could be heated to the bath tomperatuiT' 
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witliout danger of coagulation. The litne-sealing was ac,(!oinpli,shed fjy , soaking 
eggs in lime-wjiter for ai>oiit 18 hours. The lime water was made a(u‘4>r(!ing io 1 iie 
.method described in the Poultry World which is as follows : One pound of .pdok 
lime was placed in a container and om‘. pint of boiling wa,ter was (.•arefully mided. 
After allowing the fluid to come down to the room, teiuperatnre, li pint of t-ofd 
water and 4 oz. of powdered salt were added and stirred. 'I’iie fluid was tlnm s( raant d 
■and the clear fluid was poured over the eggs to be presei-vcd. The eggs wtUM*. kept 
in this fluid (lime water) for 18 hours, prior to preservation. 

Storage cmidition. The storage consisted of placing the eggs at room t(unp(;r;d.ui’(! 
{May 1948, average temperature 92'^F., average .relative humidity 45 per cent) for 
14 days and in the cold store (temperature 60°F. relative humidity 5)0 ]a.>r cfuit) 
for 28 days. 

Measurement of egg quality. The measurements of quality in eggs broken in- 
cluded (a) yolk index, (b) albumen index and (c) percentage ofomter tliin albumen. 

Yolk index. One of the indications t)f dtavrease-d <jua]ity in t'ggs is a ('h.inge in 
the size of the yolk. Water })a8ses from thi‘. white to the yolk fhrough t he vit i'lliiu'. 
membrane and the size of the yolk is iiKjreastal bringing about., tlnwt'by, a flatt ntming 
of the yolk. The change in the relationshi]) bet-vveea the height, and widt ii t»r 
yolk can be measured and has been used for judging e.gg {jinility. This rai io bej w een 
the height and average width of the yolk is called th<‘. yolk intfox {Sha,i'j> aiul Powell, 
1930], In the present investigation the yolk index was measunsi wit h tluk-.k rdbumen 
intact, as ic was found to be mo,re convenient then the me-asunmient of yolk ind<!.v 
after removal of the albumen. 

Albumen index. The thick albumen in the best quality t?ggs is con(.^«‘nhra,t.(‘d 
around the yolk and tends to occupy the smalhist pf).ssilde area. As the (piality 
decreases, the thick W’^hitc becomes flatter and o(;cu]»it‘.s more spaee, Heiinan and 
Carver, [1 936] devised the albumen index as a method of meumuring egg quality. 
The index is determined by dividing the height of the thick albumen’ by tfm )u»nm 
width. 

Percentage of outer thin white. This was determined l)y dra.wing tht^ thin albumen 
into a pipette and then measuring the volume of outin thin albimu-n t.liuM rceovored 
from each egg in a cylinder. The amount of appa.rent thiclv albumen (Miiifk and 
inner thin albumen combined) was tl\en determined in combina.tion in t-he cvlimhu' 
■and the percentage of outer thin albumen calciilabid. I’he deterioration of quality 
in storage eggs should be judged by using a combination of the', percentage los.s <'(f 
albumen index and increase in percentage of outer thiri albumen, as auTjgg willi 
a small firm albumen and a lot of watery albumen surrounding it doiis not prasent 
an appetizing picture. 

As regards culinary properties it has been observed that the qualif.v of cooked 
eggs varies directly with the physical mcasuromo.nt as (letnihul ab(.)Vo. 

Results 

The effects of the heat treatment and lime-sealing on the prestu'vation of siudi 
•eggs are shown in the Table I. The eggs kept at room temp(*.ra.tiiTe during May P.M8 
for 14 days, without any treatment or processed in lime water only, were’foum.1 
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, Table I 


Premrmtion of ahell aggs {Day-old fertile egg^y-- 


Storage condition 

Nature of 
tn^atment 

Loss in 
weight 
per cent 

Aihumen 

index 

Yolk 

index 

Outer 
thin whitf 
jier cent 

Not stored 

nil 


0-095 

0-46 

38-5 

Not stored ' 

Heated in water 
at 130° P. for 

15 to 60 mimites 

0-51 

0;110 

0-46 

31-9 

Kepi at room lemporaturo (hiving 
May 1948 for 14 days 

Average tompevature 92"'’ K. 

Average relative Inimidity 415 
percent 

nil 

All eggs inedible due to embryonic develop- 
ment with blood formation 

Idnie-sealcfl 

■ ' 

All eggs ii 
lopment 

ledible duo 
with hlooil 

to embryon 
formation 

iif deve- 

H(?ated in walitr 
at 130°1<\ for 15 
to 60 ininntOB 

9*23 

0-073 

0-26 

35-2 

Hoaieil in water 
at i30°F. for 15 
to 60 minutes 
and lime-sealed 

2-S9 

0-093 

0-3.1 

' 37-4 

1 ' 

Kept for 28 days in the e(>ld store 
maintained al. a temperature 
of (JO'-df, and relative humidity 
90 per cent 

nil 

2-00 

0-067 

0-41 

3S'4 

Lime-soaled 

1-17 

0*075 

0-42 

42‘1 

Heated In water at 
130“F, for 15 to 

60 minutes 

'3-22 ' ;■ 

0-098 

0-40 

36-(5 


Heated in water at 
130°F, for 15 to 

60 minutes and 
lime-sealed 

1 -(>9 

0-113 

0-43 

! 

40-5 


* ValuoK lor this soritis aro averages for 12-24 eggs 
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HM'dibie due to embryonic developmcuit with blood formai.iou. Siinilai- t<*|H 

for 28 days iu the cold store inHUitaiued at a temfx^rafcun' oi <H) h. and 
Iminidity 90 per cent vv'< 3 re «'flible but the scores of the qua, lily lacior,'^ were raiina 
love. Rggs, heat treated in water at .130'dl’. for |0 inhuites or longer, killed lie- 
embryos and also stabiUse.d the quality in shell egg.s. The luaNinnim IsMieiit 
occurred when the eggs wore heated for 15 minutes or longer. As there vvert* ?>< 
sig]iificant differences in the values of the quality factors for eggs lu'aU'd in water 
at l3(’hT\ for 15 to 60 minutes, the results were, combiru'd aiul the a,v'<n’;ig(‘ value.< 
art, recorded in the table.' The heat treated eggs kept at room, temperature (May) 
for 14 days were edible and only slightly inferior to the day-old eggs, \\'herea„s those 
kept for 28 days in the cold store at. 60 F. virtually maintained the original ijua,lit>y 
of the eggs. The results on the combined effect of heat treating a.nd lini(*-s{‘a.{ing 
are interesting in that they show'^ a complementary effect of lime-sealing on the 
albumen and yolk quality of the heat treated egg.s. The linu'-.si'uling exerts its 
bencfic.ial effect on keeping quality by preventing the e.scape of moistui:*; and 
naturally-occurring carbon dioxide from the eggs. Sharp jl937j luU' einpluisiy.ed 
the importance of the role of the naturally-occurring carbon dio.xidt' in c.onitxdliiig 
the keeping quality of shell egg.s. It has been shown that even small anumnl..H 
of COg effect yolk index retention favoural.)ly. The lime-sea, led eggs also (‘.xerled 
a beneficial effect in reducing the f)erce.ntage lo.ss in weight of the ,st,orii.ge I'gg.s. 

Summary 

Studies have been made to determine the coiUf>aratisat and ctJinjilerntmluiy 
effects of heat treatment and lime-sealing on the keeping qualify of shell egg.s. The* 
eggs without any treatment and also the eggs which wer<‘ lime led otdy, were 
found inedible owing to the development of the embryos with Idood (nrtuatuji* 
when stored at room tenq)eraturo. during the summer months, 'fhe, fu*.at treatment' 
in water at 130'’F. for U) minutes or long(;r, killed th<‘ e.mbiyos and .stabilixied the 
thick white, and yolk quality of the eggs. The maximum benefit oce.urred vvlien 
the eggs were heat treated for 15 minutes or longer. Tdie effect wa,s cpiantitalividy 
somewhat greater on albumen than on yolk .(|iiality. The, !imt?-,sealitig exerted 
a complementary effect on the albumen and yolk quality of tlu^ lieat tri'sted egg.^i. 
by preventing the escape of moisture anrl naturally-occurring carbon dioxdde through 
the shell pores. 

. t 
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COMPONENT ACIDS OP COCONUT OIL 


By C. P. Anantakrishnan, V. R. Bhalerao and D. Venkatappiah, Indian Dairy 
Research Institute, Bangalore 

(Received for publication on 26tb October 1948) 

I T is well-known that the character of the milk fat is markedly influenced by 
the character of its food source. Coconut cake is used to a large extent for 
feeding milch animals in places where coconuts are available in plenty. Hilditch 
and Sleightholme [1931], found that when liberal amounts of coconut cake were 
fed to cows, the butter fat showed a rise in lauric and myristic acids. Similar 
results were obtained by Anantakrislman, Bhalerao and Paul [1947] by feeding 
1*5 lb, of coconut oil as a supplement to milch cows and buffaloes. In this connec- 
tion it was of interest to study the fatty acid distribution of coconut oil itself., 

A number of reports on the component fatty acids of coconut oil have appeared 
from time to time, but none have shown the presence of lower unsaturated acids. 
Coconut oil is known to contain the lower saturated acids like caproie, caprylio, 
capric and lauric acids as shown’ by Armstrong et al. [1925], Collin and Hilditch 
[1928] and Longenecker [1939], but no mention is made of the existence of lower 
unsaturated acids like do-decenoic and tetra-decenoic acids. However, Longenecker 
[1939] has reported the presence of hexa-decenoic acid. The present paper deals 
with some observations on the component acids of coconut oil. « 

Experimental 

Samples of coconut oil were collected from different parts of India and a com- 
posite mixture was analysed for its chemical coastants. The results are shown 
below. 

Table I 


General analytical characteristics of coconut oil 


Butyro refractometer value at 40°C. 

35*6 Saponification value 

257*5 

Melting point 

27-6 Reichert value 

8-2 

Iodine value 

8-8 Polenake value 

14*2 


- . J 



The sfimple was further subjected to a detailed analysis by ester fractionation 
according to the method of Hilditch as modified by Smith and Dastur [1938]. Tim 
m,ethy] esters were obtained directly by refluxing with methyl alcohol and sulpliuric 
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ciomfowent acids of coconut oil 
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acid for 24 hours. The lower component acids wbiv fniclionully Mii}«u’aird iVi.in j isr 
whole hulk, the higher members being separaml itilc suli<i und !)<iuid u. ids hv 
Twitehell’s lead salt method, methylated and also irae.tionully dist illcd. 1 lu* residi.s 
are shown in Tables II and ill. In all 46 fractions were uliiained. TIh- inu-.t iofi.-*. 
from 13 to 29 had low iodine values indicating the preseiiec of nn.sid.mntt-d ;!.<-ids. 
As there was no probablity of the oleic acid distilling at that low t-einpenU un' oi 
distillation and that it had been proved beyond doid>t in case. <jf butler fat idiaf. 
the lower unsaturated acids distil over along with the saturatt'd iujids Isavitig the 
same number of carbon atoms, these fractions were sus])ectetl to contain llie do- 
decenoic and tetra-decenoic acids. 

Table II 


Fmciiimalion of the methyl eaUtrs freiHvred from- 300 yw. of ammut ?»// 



k 



Solid PKtors 


.'{S ItcHiduo 


Lujiiid csterR 


241-7 20'<}9 

240-7 24-22 
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Table III 


The component fatty acids and esters of the coconut oil 


Acids 

Per cent as methyl esters | 

Fatty acids 
(excluding 
unsaponifiablea) 


Lower 

Solid 

Liquid 

Total 

Per cent 
(wt.) 

Per cent 
(molar) 

Saturated 

0-74 



0-74 

0-7 

1-2 


4-2S 



4-28 

4-2 

.>-0 

Ojo 

12'99 



12-99 

12-8 

15-2 

On ■ 

44-19 

0-42 

0-31 

44-92 

44-S 

45-8 

Gi.i ■ 

13-04 

6-17 

1-71 

20-91 

, 21-0 

18-8 



4- 19. 

0-88 

5-07 

5-1 

4-2 

'<ts ; " 


1-90 


1-96 

3-0 

1-5 

too 


0-23 

1 -- 

0-23 

0-2 

0-2 

:ro!ai 

75-24 

12-97 

2-90 

91-11 

90-8 

92-8 

On-saturated 

0-35 



0-35 

()-4 

(1-4 

’Oi4 

0-47 


0-43 

0-90 

(1-9 

0-K 

Ate ' 



0-78 

. 0-7S 

0-8 

^ 0-7 

Oleic 


0-49 

5-94 

6-43 

0-6 

4-9 

Linoleie 



0-43 

0-43 

0-5 

' 0-4 

TqUiI 

0-82 

0-49 

7-58 ' j 

8-89 - 

■9-2 

7-2 

Sura of the saturated and 
ira-saturated acids 

76-{)6 

_ j 

13-46 

10-48 ! 

100-00 

100-0 

lOO-l) 

1 


, Identification of do-decenoie acid. Fraotions 1:4 to 2:> (C'i;> c.oiup'iitraiH'.s) were 
mixed togetlier and the fatty acids were recovered from them. I’iiey \cere subjected 
to lead-salt alcohol separation twice. A liquid acid fraction having a, mol('('.idar 
weight 21f3;0 and iodine value 5*15 was obtained. As tlie quantity was not siillicitmt 
for the isolation of Cl. acid, it was oxidised with IvMiiO,.i in acidotu'. Idle fully 
saturated acid w^as freed from the acidic oxidation prorlucta by washing the eiher 
solution with successive portions of 10 per cent K 2 CO 3 and steam distilh'il. IMie 
equivalent Weight was then calculated from the other extrae.ts of the rlistillat-e 


2?,a COMPONENT ACIDS OP COCONUT OIL { Vol XI X , I *iiri Hi, 

{2124). It was found to be lower than that of the ori^unal acid indical in'i i he ptvsofM v 
of a unsaturated acid having lower molecular weight iiameiy (he do deceiHur. ^cid. 
The results are shown below : 


Fractions 13 to 33 


■ V-. 

Original 

Iwt 

^att 

;'utl It’ad 
salt 

Saponification equivalent 

■ 217*8. 

2i:m 

213-0 

Iodine value 

2*00 

:mh 

.'■*•20 


Identification of tetra-drcmoic acid. Th(^ fractions 24 to 2i> w'cre vsiiuilariy mixed 
together and the fatty acids recovered from tljein. The suu’ds were furt Iit'r sidijeeteii 
to repeated lead-salt alcohol separation till an a<dd liaving a nudecudnr weight 
and iodine value 108*2 was obtained, which very closely resembled (etra deeenoi?- 
acid. The results are shown below : 


Fractions 24 to 2(1 


: : . 

Original 

Ist lead 
.s-alt 

2nd lead 
suit 

1 3rd lead 

Saponification equivalent 

218-0 

220-2 

223-H 

227-0 

Iodine value 

4-40 

2.6-90 

.63-H4 

IOH-20 


Discussion 

It can be seen from Table ! that coconut oil has high Saponifieation ami Polenskc* 
values indicating the presence of more of glycerkles of caproic, c.uprylic ami tuipric 
acids, which is confirmed by the results shown in 'fable III. 'flu*, clu(d’ eonsflitienhs. 
of coconut oil are capric, lauric and rayxistic acids of whudi lauri<* forms abmit -lb 
per cent and confirms the lindings of the previous workers. 1 )<>"dece«oi<i and fetd ra 
decenoic acids are also found to exist in small profiortions. 

Summary 

Coconut oil has been analyzed for its chemical charactt'risfics u,mi tfm fatty- 
acid composition by fractionation through an E.H.P. column. 

It is found to contain capric (0*7, 1*2), caprylic acid (4*2, 5-9), ca,pric 
15*2), lauric (44*8, 45*8), myristic (21*0, 18*8), palmitic (5*1, 4*2), stearic (2-0. 1*5), 
arachidk; (0*2, 0-2), do-decenoic (0*4, 0*4), tctra-dccenuic (0-9, 0*8), hcx-a di'ccnoit- 
(0*8, 0*7), oleic (6*6, 4*9), and linoleic (0*5, 0*4) acids by weight and mohu* pt-rcimf^igcs. 
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ABSTRACTS 


Studios on the Role of Cobalt in Sheep Hiitrition. jjay, s. n., wkiu, w.o., popm, 
A. ,b., ecTmsTEDT, (},, AN.D rmoLPrf, i>. H. (.U31-8). A>ii. >Si:i. '7 (i) -15 

F ive groups of colnilt deficient young Intuits were. uschI fttr the. ex'peritneni . The 
control grouj) received only the oobnit doficie.nt biisal r:i,f.it>n while i!u'. other 
grou})s z’eceivecl besides tlie basal ration supplenients of 4‘55 nig. tliianiine, 2'6 ing. 
folic acid, 100 rag. of pyridoxine (all by injection) ;'.ind 17'5 rag, of cobalt sulphate 
(by oral administration) twice weekly. The ex])e,riTit.eiit iiisted fora period of nine 
ATOoks and the effect of the vitamin and coiadt stipjtlcuucnts on the average 
weight a, ml luenioglobin cont-eiit was studied. 

After jihout five weeks the control aniitials a,.s well a.s those receiving folic acid 
and pyridoxine su]»plement.s hegan losing iveight. whereas. iJiiamJae ;ind cobalt 
groups consistently gaine<l weight. Ciobalt a.nd Ihianiine improved the a])pt>tite 
of tlio a.iiiiuals a.nd a gain in weight followed. Atiiiniils ivldch received cobalt 
supplements showo(] the nuiximum increase in )>()dy wifight (20-0 lb, a,ver;!.ge) followed 
by those of the thuiniine groii]) (ift-<S lb, :ivera.ge). The pyridoxine group which 
consiiinod the saune amount of coueenlriipte did nt»! pnid'na* a, jiropovtionaf c increase 
in body Uf'ight. By compa-nTmi injection of cchaltp su.lts produced a, much slower 
response. 

It was noticed that <dl the groups sulTeivd :i, diuirease in h{ynu.)glol)in values. 
The cobalt grou]), botli injectimi uaid ora, I, slamcd tJu; least de(‘<rease but even here 
the fma,l figures were well i)e.htw tlie a,vera,i';«.‘. fr^evere aiisemia, develope<l in thiainino 
treated animals wliich showed sonic im[)roven!.md, when tidainiue w;),s stopped. 

The livers of the cobalt deficimit lambs W(*re iiy[»(‘rtrophied and Idgh in fat 
content. Administration of 1 mg. eobidi, per du,}- for .seven weeks iin]n’ove4j the 
condition. The. cobalt content of the. livers of thes*' a,nimals was very low but could 
be brought back to the normal level by .seven weiAk.-! coba.lt a, d ministration of 1, mg. 
per day. 

Tlie eheot of cobalt on appetite, seeans to be. direct, and ihaf. upon haunipjoietic 
centres indirect. It is presumed that the benelleial iTfect of cohalt i.s linked up 
with the normal production of the members of tlie. vitamin B complex in the rumen. 
(T. M. P.) 

The Sigiiiftcance of Certain Bacteria in Pasteurised Milk, sci-jmc, m. i.. (!b48). 
Milk Plant Monthly 

T he practical significance of the occurrence of some of the liacteria, juu-ticularly 
of micrococci, thermoyddlic, coliform and of the mim’ohacteria in pasteuri.sod 
milk has beim discns.sed in tliis article by tiie, author. 
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fTol. XIX* I'lirl. III» 

Tho iniorococcl derived eit-her from the udder or IVoni soil nt.iy iie r.uuiJI in 
number, althoujf'h in unolean utensils or processing*' enfuipmeuts (vvltere (.mnjter.Uiires 
are favoiirabh'. On* their <»;ro\vtli, particularly soon after wasliiufj; a,nd i lie i'sne iider^aJ 
before use) they may cause in ))ii,Ht(Uirised milk, serious trmildt', in its rompbiiaua' 
of tlie ])actorio!ogicai stan<lards. Tin*. pr<*.sence of tin‘se orsj;'i<.tUNtu,s in hti’K*? mimbt-rs 
in pasteurised milk is suji^J^■e>stive of unclean niethods poKhistsl dtirinu veaeiiin.^ u! 
equipment with which tiie milk comes into eamtact diirinj' processing- 

The author points out the thermophilic bacteria, enteririy raw unilk timl iull 
scope for their ^uowtli during; ])a,steiirisation of the tirst bat.eh of milk in Inddiuy 
vats, since the temperature used in this type of past<Mirisation is c.oadin'i\'e for 
their growth. The remaining milk in the va,ts acts, as an inoculum for tin* siu-.ceedlug 
batclies of milk. Unless, therefore, the whole plant is disnianlle.d and e.h’ant'd 
carefully with hot chlorine water at ]8(»-l!)0''K. tin* milk pastemised in these, 
vats will devtdop high acidity. Bince H.T.S.T. p;isi.t‘urisation ttunpcralur*' dot's 
not allow these organisms to grow a,nd the, milk is not. !u‘hl ai the flcviUfd icmpent- 
ture for long, the thenuophilic contamination is rarely tm*!. wiih in ihi.s typo t»l' 
pasteurisation. 

The colilhrm bacteria wiuhh a, re .rriainly derivi'd from the itiltv-tincs of Un* 
aminals get into milk and their number in ruAV milk is invers<’l\ propttttionai t<t Uu* 
care used in milking ojjeratioiis. Thc.se ar(f killed by fu't»[)<>r p;jf!ti‘nri.s'i.J ion. Hence 
their presence in j)asteuriscd milk affords a clear indicaiioti (d'l 1) inijiriqnT pa.sleuri.sji- 
tion or, (2) post pasteurisation contamination due, t(» faulty haiidling of milk. 
Improperly sterilised pi{)e joints, valves, cooler, (ilUn*, etc. u.r'e soim* td the stjurc.c.s 
of these organisms. 

The microbactcria which arti highly lieut r(‘sistan{' gain i* 5 >trv into milk from 
soil, manure and inqnoperly cleaned utensils. I’liese have the sanu* stgtiific.aticc 
as the micrococci. 

The occurrence of any of thos<‘. organisms in large nmubers i.s in bn tif-ken ;is 
warning that more scihtus trouble may residt if ste.ps are u 'd taken Air ctjrcerjing 
faulty practices which permit the presence of tliew^ (trga,nisms. 

Four photomicrographs of the types of micro-orgatiisms dismisse<l abovi- are 
also given, (K.V.) 


A Comparative Study of the Biochemical Activity of Streptococcus Lactis, Strep- 
tococcus Citrovorus and Streptococcus Paracitrovorus when Crown in Cows Milk 
and Soybean Milk. oEimKis, o. \v., and wetsisk, k, m. (1IN8). Jnto, Daini /;/ 
(4).213-*-222 

^HK authors reviewing the work of various investigator-? tm orgatiisti'H u.M*d 
A m blitter cultures point out that S. larUn ju'imariiy ’utlAcks hiigose, f.irming 
large amounts of lactic acid, while the other associated organisms brim^ about, f.he 
decomposition of citric acid to form volatile achis ' and e,onqKmn<ls like 
diacetyl and its precurser ac«ityl-methyl,-(airi)inol, tluiso t;og<dhe,r ('.ontribulitiv 
to the characteristic aroma of butter. 
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A. conipamtive study of the biochemicai activities, titrataljle acidity, //fl,, 
volatile acidity, diaoetyl and acetyl-methyl carbinol, has been reported on samples of 
cow's milk and soybean milk inoculated with butter culture orgsmisms namely 
/S'. S. aUrovoms and pamciimvoms. 

Tiio values obtained for pH and volatile a(.*.idity were e-omparable in most 
instances for both types of milk held at various incubation periods, extending up 
to 210 hours. But cultures inoculated in soybean milk and. incubated at 21 “C. had 
an average kctic acid content of only 0*51 percent. Whereas cultures inocula- 
ted in cows milk had an average lactic acid content of 1*05 per cent when ineu]>ated 
under similar conditions. The values obtained for the titratable acidity in cow’s 
milk and cow’s milk to which 0*15 per cent citric acid was added were nearly twice 
as great as those secured for the cultured soybean milk even when citrate was added 
to it. Early during ripening pronounced changes in titratable acid or pH had little 
effect on the amount of acetyl/inethyl carbinol plus diacetyi preBent, but later, 
aignifica.nt increases occurred with little or no change ill acidity. 

ileetyl-raetliyl-oarbinol and diacetyl were developed only slowly in soybean 
milk and the results were similar to those obtained with cows milk only after prolonged 
incubation. The total acetyi-methyl-carbinol and diacetyl aft.or 24 hours of incuba- 
tion at 2T°C. was nejxrly three times as much in the case of cow’s milk as that in 
soybean milk. (S.N.A.) 


Bye Eeduction Tests in the Bacteriological Examination of Dried Milk, higginbottam 
c. (1948). .W. Da% te. ./o (3) 280--284 


T he possibility of applying dye reduction tests, for assessing the keeping 
quality of reconstituted milk after ageing, to get a convenient reduction time 
has been investigated. 


Over 100 samples of roller dried fnll-cream milk and about 100 samples spray 
dried milk were reconstituted and incuba,ted for 20 hours at 55°, 37°, 30°, 22° and 
15'5G. respectively. They were then examined with methylene blue and resazurin 
reduction te>sts and the results compared with the plate counts of freshly recon- 
stituted milk on yeastral milk agar at 30 and 37°C. and also with the keeping quality 
at 15’5°C. Ageing at 22°C. was found most convenient giving a mean methylene 
blue reduction time of 2|- to 3 hours for spray dried milk and 3 to 34 hours for roller 
dried milk. They however obtained a very poor correlation with plate count at 
either 30 or 37°C. and with keeping quality test made at 15'5°C. Ageing at 55°, 37® 
or 30°C. correspondingly gave shorter reduction intervals, delayed and points and 
clotting at the time of examination. Incubation at 15-5°0. gawc methylene blue 
reduction time of over six hours for about 50 per cent of the samples and even those 
which reduced within six hours failed to give a fair correlation witli plat(i count or 
keeping quality tests. The results with resay-urin rtiduction wore, similar to tlios(f 
obtained for methylene blue. The temperature of reconstitution, viz., at 
t('.mperature or sit SO^C,!. showed no difl’erence. 
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• [VolMX,.l:to 

The* autlior, therefove, concliia('«, ihtit f-houj^li at 22'< 

rau£^e of roactioii iiuu*, duo t.(» lark o\ (Huto utioii witli 1’ ' _ ‘ ^ h-HOfiinl 

qualiiv, iho .vsults o.umut bo acrridod as a truo 

quality of tlio snilk, or nion^striiiily. ii,iu).ssosstutMi1 boar \n\^ .i,r > 

accepted plate count tecliiiiquo. (V.K.N..N.). 


Effeet of Seaeoift, Breed and Species o! E^minants on the fltoin A Poteaey of , 
Bntterfat. sarkar, b. c. ray (1048). Jmr. Dam, ha. 31, lb-> 

npHE seasonal variation of the carotene an.l vitamin 
1 Hariana cows and its relationship to the intake of cawtHMie m it . < n fo 1. i i. 
been atudied. I’he iiuixiimnn total vitamin A potency o( yb y-l 14.. pn i . - 


fat 


reaclicl iliiii.if! .Inly, Anpiist anii .Seiiteinher oimipriainj.; ihe pnisoon ' 

tlie ininimnin value of KUWh l.U. of vila.nin A «tu i™che,l ilnniej *) ■ ■'''"• 

Deoemlwr awl .laniiarv. TliisiJ fluetiiations in camtemi mi.l viliuiun A ol Inn I 
could he coireluted foljie level of carotene ilipeslion and it is iiillelllilled tnal a 0 , 

en Ibdder per cow could rnamiain tin* inii,Mnnitu vfi.onm 
Tire i-itaiuur of liictation ban been lound if 


have 


intake of '15 lb. ofavei'aye i 
A potency tlirouelroiit tlu* year, 
vciy little efl'ect on the. vitamin A [lotency oi bniitmdat. 

It has been found that neiilmr Iloiclnu't-lVleissl miiulier nor Hnponilieation vaim‘ 
of the butterfat is innuencod by the. f.-edin^- of .i-remi fodder wdide thrnv is an increase 
in Iodine value when fp-e.en fodder is included in the ration, i luuv has been very 
little chauue in the f^mneral composition c>f milk Ihroup'hmit the eKpruamenlal nenod 
except for 25 per cent increasir in fat duriup; November, l)ec.eiuber am) .Immurv. 
The butterfat of poats and. bulTalof's cordaimrd only traces «>! ('aroteiie while the 
total vitamin A. xiotency of poal. milk was c(|ual to that ol cow muK ami that. (> 
buffalo milk' was comparatively low. (,A.K.). 
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Effect ‘of "Water SprinklmR' With and Without Air Movement on Cooling Dairy 
Cows. SHlilATH, D M AMD MUa.HR, O. D. (IMB). JoVT, Dah'if *SV/. -Uil. 



T he trials showed that the least cooling of cows took ydace witlmui any sprink- 
ling or air circulation and the best results were secunu! when <*<nvs wei-c lirst 
sprinkled and then subjected to air circulation. The use ol spriukiiug alone or 
fan alone produced esseulially equal results, while sprinkling produced the greater 
drop in both body temperature a.nd respiration rate at the end oftbri hour and 1.1m 
fan, being the more effective liy the end of on<^ hour. In these comparisons it is 
of interest that .sprinkling alone prodm-ed a lower reHpirathm ra(<‘ id t he iuid ol 
OT) hour than was present after one hour. This was not. true for body tmnpenititre, 
which was much slower to respond to cooling treatment. The fact, tJuif. I.h<^ <‘.ows 
were sprinkled ju.st oiu'c and with wa.te.i' at apiproximately ']>robab!y Imlp.s to 

explain why the maximum reclmdion in respiration wuis secured ut, the tmd td 
the 0-6 hour period. 
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Shade alone showefl a small change in that direction, while the fan iilnm' jin,d 
sprinkling alone were intermediate in their effects. 

The results of this experiment give valuable information on Innv rahi. iuid wiud 
as produced by nature tend to cool milking cows during summer months. 
results also suggest the need for fmtlier experimental work <).u how nie(.‘hii,iiicst,l 
sprayers and fans may be utilised economically during summer wIkmi. natnrci is 
not producing wind or rain. (D.N.) 


Egg Eeeordg as a Criterion for Selecting Breeding Hens. Hays, F. A. (194G). 
^ Poult. Sci 25, 622—27 

T he first part of the article consists of an exhaustive at the same time intc^rcsting 
review of the pioneer work on breeding for egg production. In general the 
balance of evidence indicated that annual egg production depemhKl upon n. (tomple.x 
of internal and environmental factors, as such gross egg production ol dams is a. 
poor criterion of their transmitting ability. 

A study made by the author on Rhode Island Ends at tljo MassfK.hnsctls 
Agricultural Experiment Station over a period of seven years ; clas.sifif;ation of da, ins 
and daughters having been made with respect to inherited chna’acters, such as. 
early maturity, intensity of laying, absence of winter pause, non-hroodiness, persist - 
f" ency of production at the end of the first year, revealed certain interesting ffatun^s. 

These are : 

In the first year production the correlation between mothers and daughters, 
was of little biological significance. There was, however, slight bid. signiiicaiit 
increase in daughters’ production as the production records of the da.ins iiici'oaseil. 
The higher and lower producing hens differed mainly in good or poor egg production 
during the wi.nter months, in other words, presence or ab.scnce of' wintei' 5 )au.s<*, ; 
similar differences were again observed in daughters from high producing* hiius 
when compared with daughters of low producing hens. 

He concluded that good winter egg production is a valualile and promising, 
criterion of the breeding worth of hens. 

(In Northern India hens used as breeders should lay well from: November to 
u March.) (S.G.I). ' . ’ 


Streptomycin, in Experimental Infections and Its Possible Use in Veterinary 
Therapeutics. Eaelson, A. G. and Felbman W. H. (1947). J. Amer. vc/. 
med'. Ass. 110, 63 — 70 

S TREPTOMYCIN, the latest wonder drug, owes its origin to tlui oi'ganiwMi 
efforts of Wakesman and collaborators in their excellent attempts f <j <.ii.sco\'er an 
antibiotic substance wjtb a wide therapeutic ratio. It is a wliite powder, markedly 
stable and highly soluble in isotonic saline solutions. The optimal y)li ibr its I’ull 
action is 9-0 and when the pH is lower than the neutral point, it bec-otue.s hiss a<'! ivi . 
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llio iniii of j 4 fcl‘eptoinyciD, is a-ii. B niiit- Mkje t;iin folewite a.s iuu(>li a,s iOJHiO S uniis 
iii a single siilxuitiWieous injection, while 100 B unitB ave Huni(‘ient to [ji'ot.ot't tlu'ui 
agxiijist a, letluil, inoculum Salmondln m-hattitmllerL 

In intro studies indicate th.at strcptoDjycin is hactcriostatic- lor a. wide variei v 
of ba-oteria that cause disease in animals. Tl; should l>e remi'mlM'.i’cd, !iowevc?\ 
tiixit the activity of a drug in mtro may be no rmatauni of its anti vily iti vino. 

hi vivo, streptomycin is effective In controlliitg e,vpcrime}da.l inh^ctions by 
various Gramnogativc bacteria, and tubercle bacilli, 'l.hilaremia in men bru«><n 
llosis in men and guinea pigs and pnomnonia in men and mice ha ve Iumui si!et:os.sri!lly 
treated with streptomycin. Experimental leptospira! jaumlic<^ in, dog.s is ct)ntro}hui 
by this drug. The drug is not a,ctiv<i against fungi 1 rypunosomes and maluriaJ 
parasites nor can it inactivate tetanus toxin, [t Itas no effect on t]it‘ few viruses 
tried. 

Streptomycin exerts a imu-ked activity in r<', solving or snjjpnissiny, (Nslablisljoil 
tuberculosis in the guineapig. In the treatment of iiiiman iJilM'rrtilosi,'^ this diug 
lias so far, given veiy eiu'ou raging results. 

In veterinary practic.al largo animal, s may not Im snlthdently vnlnablo bo 
treated for prolonged iieriods with this diaig. rreJimiuary loxii ily stmllo.s are 
essential in animals due to the dilTereiU'es in tlu^ met,a,l)oiio -jirocesse.s and these 
should be taken up by the vetrsrinariaus. A liigh concent rat ion of this drag in tJie 
blood stream will have to be built up and this requires its inj<!('timi (nvory three or 
four hours In sufheient bac-toriostatic concent,rat;ioii over long period.s. if frequent 
injections become n<‘,ce,s.sary to t reat large animals, the usel‘ulnes.s ol' st rcot.omycin 
in veterinary practice will obvion,s]y be limited. ITic. <lvug is now in great, demand 
for the treatment of human, tuberculosis and it is unlikely that it will hec.orne avaiUtblu 
for veterinary practice for a long time t.o come. M!oreov<',r, for large farm animals, 
the i5|ie of this drug is not economically feasihle. The drug, can, however, he used 
in pet animals like dogs and cats. 

The necessity for frequent use of the drug can be overcome by the use of a vehiide 
to delay the ab, sorption ot* the drug an<.l invc.stigation is recjuired to discover such 
a vehicle. 

0,ne. sliould not advocate the use of this drug in the tnsatment of bovine ruber- 
ciilo.sis anthrax, glanders in houses and rabies in anirnuhs. In. the ca.s(; of valuable 
animals an attempt may be made to treat bovine brucellosis though chronic fm'ms 
of this disease do not respond to this therapy. A,s the drug is exerettnl in high 
concentration in the urine in an active state it may be used in the treatment of 
urinary infections of lierbivorou.s aniniaLs wduch have an alkaline urine, e.g., an 
pyelonephritis of cattle. 

In bovine actinomycosis and actinobac.illosis this t reatment may b<‘. combimai 
with surgical intervention;. 'When administered orally the drug is nol absorbed 
in the blood but remains in an active state in the inte.stines and when given in suhi’ 
cient quantity ia capable of sterilizing the faei^es. Thi.s fac.t can bit taken advantu,ge 
of in the treatment of bacterial enteritis in a,tiimals, especially m the drug is non- 
toxic, antibacterial in nature and by reason of its si, ability ca,n be pliiced in feed 
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tmd water. If cost is no consideratioji, it can be extensively used in poultry practice 

as a, prophylactic raeasuxe against diarfhoeal diseases. 

In bovine mastitis, streptomycin may prove to be an arijimct, to penicillin 
in the treatment of mixed inlections. Work slnnild be carried out with a view to 
eoiiect data concerning the excretion of streptomycin in the milk following parenteral 
injection in animals ; as it is important to determine whether effective milk levels 
may be maintained in cattle by intraimiscular or subcutaneous injection of the drug. 
The alkaline reaction of mastitis milk should prove an ideal and suitable medium, 
for the activity of this antibiotic. If and when streptomycin becomes available 
for veterinary practice efforts should be made to base the field trials on actual 
laboratory evidence together, with studies ragarding the dosage, mode of administrfi.- 
tion, toxicity rate of elimination and the effect on the diseases treated. {P. li. K. 1. ) 


Symposium on Bxoerythrocytic Forms oii Malarial Parasites. HI. The 
Chemotherapy of Malaria in Relation to Our knowledge o£ Exoerythrocytic 
Forms. Goat:n.ey, B. G. and CooPBii, W. C. (1948). J. Parasit. 34, 27i>-289 

T he authors have studied the effect of various clicmothefapeutic. a, gents on a.via,n 
malarias where exoerythrocytic forms have actually bceii. tlemoiistrated and 
in simian and human malarias where presence of B-E has been deduced from iudirocjt 
evidence. At the time of writing this paper tliese authors not awtire of tlie 
findings of Shortt and his collaljorators relating to E-.E forms in sitnian malaria. 

Phmmdium, Gynmnolgi and human malaria, F. mmix. 

In avian malarias (P. yaUinaceuni in the chick, P. cathnamium and P. 
relictum in the canary and P. loplmriae, in the cldc-k, <!anary, duck and turkey) 
certain sulfonamides, napthoqniiiones, acridones, s-triazines and one other 
compund, a, pyrimidine were found to prodinse protective effects which could be 
attributed to action against pre-erythrocytic stages of these parasites. One 
napthoquinone derivative (SN 8557), however, was found to cure an established 
infection where E-E forms were known to occur. 

As for simian malaria due to P. cymmolyi infection it is shown tliat representative 
8-arainoquinoIines with or without concomitant quinine had curative effect on the 
sporozoite induced cynomolgi infectious. 

In the case of human malarias two drugs, 8-amiiioquiiioIines and ])iguanidesa,i‘i‘ 
shown to have activity against the hypothetical E-E forms. Botli prf)phy]acti(‘ 
and cui‘a,tive action of S-aminoquinolines against P. faleijmnmi and P. mmx is 
demonstj-ated ; while paludrine (a biguanide) though possessed pi'ophyla, (die aciion 
against P. falciparum and P. vimix was not able to cure an establish (id vivax infecii<jn. 
(H. N. E.) 



REVIEW 

Dietiooajy of Genetics 

By R. L. Knight. (Published by the Chronica Botanica Co., Waltham, Mass., 
U. S. A. , and Macmillan and Co., Ltd., Calcutta, 1948, pp. ix and 183, $4-50) 

T he Dictionary of Genetics, prepared by Dr Knight, the Senior Economic 
Geneticist to the Empire Cotton Growing Corporation and to the Sudan Govern- 
ment, is the second volume of the . ‘ Lotsaya — ^Biological Miscellany ^ series being 
published under the editorship of Dr Erans Verdoorn. In the words of the author, 
this dictionary is an attempt to define and standardize technical terms used by 
workers in the field of Genetics. This volume contains an extensive glossary of 
terms used in Genetics, and allied subjects like Cytology, Animal Breeding, Heredity 
and Evolution. The glossary has not been limited solely to these terms. The scope 
of the book has been enlarged by including terms used in Reproductive Physiology 
and Embryology. Chemical terms used in some of the above subjects have also 
been included. In all, there are about 2,500 terms which have been defined. On 
page 63 has been given information about the gestation period of different mammals 
and on page 128 the various types of reproductive mechanism have been detailed 
in a schematic form. The appendices contain important formulae of Biometry 
required in Genetics and Plant and Animal Breeding with six relevant tables. The 
appendices also contain the international rules for symbolising genes and 
chromosome aberrations, and a table giving information regarding the distance 
recommended to avoid seed contamination. At the end is given a bibliography 
of books and scientific papers made use of in compiling the dictionary. 

This book will surely remove a gap in the field of Genetics. The need for such 
a publication was keenly felt as the glossaries hitherto compiled by other 
geneticists appearing as appendices to texts or in scientific periodicals were rather 
brief and inadequate to meet the ail-purpose need of this young but very rapidly 
developed science. As has been pointed out in the preface of the book the publica- 
tion of such a comprehensive dictionary will help in understanding the Genetic 
literature more readily by the usage of existing terms instead of coining unnecessary 
new words. The inclusion of both modern and older terms will help the coiners 
of new words to avoid putting an entirely new meaning to old established terms. 
These will remove the present confusion in the Genetical vocabulary. 

This dictionary will invariably establish itself as an invaluable aid as a reference 
book to the students and workers in Genetics and allied Science ; the author 
has done a great service to geneticists in general. A copy of this publication will b® a 
valuable reference book for every worker in Genetics and allied sciences, (P. B.) 

ns 
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ORIGINAL ARTICLES^ 

NATURE AND -DIAGNOSIS OF PASTEURELLA INVASION IN 
BLOOD CIRCULATION 

By R. N. Naik, G. B. V. C., Bacteriologist and Vice-Principal, I/C Patho-bacterio- 
logical Laboratory, Bombay Veterinary College, Bombay. 

(Received for publication on 11 MiU'cIi 1949) 

(With four text-figuren) 

P ASTEURELLOSIS is one of the most important diseases of great economic 
significance prevalent in domestic animals in India. It stands next to 
rinderpest in causing high mortality in animals especially buffaloes and cattle. It 
is prevalent in certain regions seasonally. It breaks out first in buffaloes or at least 
in a larger number of buffaloeKS than in cattle. The number of animals attacked 
in each outbreak is smaller than that in rinderpest ; but what matters most for stock- 
owners is that their animals, young in age and robust in physique are attacked all 
of a sudden and succumb, allowing little time to fetch proper aid. Diagnosis of 
the disease is not always easy under field conditions due to the occurrence of the 
disease in various forms, in some of which characteristic symptoms are not present, 
the absence of dead cases available for post-mortem examination at the time of the 
Veterinary Officer’s visit and the frequent prevalence also of other infectious diseases 
such as anthrax, bovine surra, black quarter and dengue in the same region. Veteri- 
nary OfiScers, therefore, forward to the Provincial Diagnostic Laboratory blood 
smears from affected or 'dead cases suspecting very often two or more diseases. 
In pasteurellosis the microscopic examination of blood smears collected at any stage 
of the disease does not always reveal the causal agent as in the early stages of anthrax. 
Besides, the smears collected from putrefied carcases are not dependable for declaring 
a definite diagnosis. With a view, therefore, to improving the method of laboratory 
diagnosis of this disease a comparative preliminary study was made in the coutse 
of which was found that in many cases in which specimens of blood were positive 
biologically, blood smears were negative microscopically. This fact necessitated a 
study by means of microscopic, cultural and biological examinations regarding 
the invasive power of Past, homseptica in the blood circulation from the time of its 
introduction until death of the host. This article incorporates the results of this 
study. 

Historical 

It has been stated in literature on bacteriology that pasteurellosis could bo easily 
diagnosed microscopically. Reiser and Schoeuing [1943] consider that in all 
positive cases, bipolar organisms are found in teeming numbers. Gaiger and Davis 
[1947] state that in the bodies of animals which have died of acute infections the 
organisms are easily found microscopically in films made from blood, the excretions 
and the parenchyma of the internal organs, Hutyra and M'arek [1946], liowover, say 
that occasionally bacteriological examination is rendered difficult by the absence 
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of the bacilli from the blood in pasteurellosis of cattle, and lh(‘. pr<\s('tHHH of only a 
few bacilli in the exndate. In the case of the disease in hnlbilties, (.lu'y sliat>(‘., Iiowcvcvr, 
that Pasteurella is easily found in the blood. Bennet [l‘d2(’»), wii h ihc I'xpt'.rif'iuio 
of the Indian Institute of Veterinary liesearch, MuK'tt'swiir, givi's a real idetain'. 
when he says, ‘It should be remembered, how(w>r, that in soim' cuh«‘s of !i!U'.mo}Tha,‘i;i(‘, 
septicaemia, the bacteria are found in the blood only with (‘xl rcnH^ didiculfry and 
after a prolonged examination of the blood smears and in siudi (^ases t he rarti occur- 
rence of the bacteria (if the carcase is fresh) is almost dinercni-inlly diagiiost.if'. of 
haemorrhagic septicaemia, since in anthrax the bacnlli lu'urly always occ.nr iij hirgo 
numbers’. This observation indicates that oven i» cases wlihh have di(‘.d of 
Pasteurella the bacilli are sometimes absent and that laboratory workers too 
might have possibly confused this disease with anthrax in tin* past. 

In these days, at the time of outbreaks, the field staff find a large, mimlxw of 
suffering cases than dead ones. The disease cjinnot be diagnosed liefinitely from 
clinical symptoms alone due to reasons stated already. Dead castw an* often putiHi- 
fied due to the prevalent tropical conditions. It is, tlnn-efons soinef iineH iietMvssary 
to diagnose the disease from the material oolh'cted from sidTcricg en.ses. V<‘ry fe.w 
workers in the past have attempted any exhaustive wcu-k on the tjerurnMuu* of 
Pasteurellam the blood of living cases during tlie. ilillereiit stagc.s of itu‘. disease. 


Kxpebimentao 

Strains of Past, boviseptica which were rei-ently isolnled iVunt haemorrhiigic 
septicaemia cases in this laboratory and wlih-h wem H<ntt to the Indian Institute of 
Veterinary Kesearch, Mukteswar, were used for comlue.iiug the experiments. 

Experiment I. Nature of Pasteurella imutstuu in the hhml rirnduthn as 
determined by the microscope 

Nine rabbits were subcutaneously infee.tcd wdth Past, fmmsrpl'tm as detailed in 
Table I. Blood smears which were collected from the ji]> of the ear fjf the rahldtH 
every hour from the time of infection until their dtjalh, were .st;dnei| by Deitnaits 
stain for 30 minutes and examined micruscopieailv for ifm prcHence of i^Hstrurfih 
organisms with the results indic-ated in Tahle T. ‘ 

Determination of facts 

1. Out of nine rabbits infected with haeniorrhagie: HeptiearJnia live died within 

24 hours and the rest in 48 liours. 

2. Pasteurella oigaidstOB were detected iuicro.s<x)pica11y one hour before iieath 

in all nine cases ; two hours before ihuilh in live rasc.s ; I hrei^ hour.s b4*forc 
death in four cases ; and six hours beforci d(‘ath in <uic ease, 

3. No Pasteurella was detected microscopi(‘a,IIy prior (;o .six hours beftu'e death 

m all nine rabbits. 


Experiment U. Biological tests into blood mmpirs of infvticd mhhih dming lifr. 

1 Experiment I were rather Hurprising. D wuh diOicult to 

believe that m spite of the scjiiticaemic auction produc<!<i’ by ihe i^uYmrtdu ns 
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Table I 


Pasteurella invasion in the blood ciTculoition as detcTWiined tnicrosco'pically 


Rabbit 

number 

Source of Pasteurella 

Date 
and 
time 
of in- 
fection 

Date 
and 
time of 
death 

Interval 

between 

infection 

and 

death 

Time of 
detection 
of 

Pasteure- 
Ua in 
blood 
smears 

I Number of r 

during life 

'asteurella 

after death 
in heart 
blood 

218 

Blood of bull, 3 years 
Barainati, District 
Poona 

17-8-1048 
at 2 p.m. 

17-8-48 
at night 

Not determir 

led as it died 

1 at night 

Many 

203 

Blood of buffalo cow 
calf, 1, year liiri!- 
kerur, District 

Dharsvar 

21-8-1948 
at 8-10 a.m. 

21-8-1048 
at 8-65 p.m. 

1245 

hours 

2-45 

hours 

before 

death 

Rare at 9-16 
p.m. and 
many until 
death 

Many 

209 

Blood of bull, 2 years 
of Vani, District 
Nasik 

21-8-1048 
at 8-15 a.in. 

22-8-1948 
at night 

Not (1 

letermined as i 

t died at night 

Many 

213 

Blood of aged buffalo 
cow of Kahimatpur, 
District Satara 

24-8-1948 
at 10-30 p.m. 

25-8-1948 
at 7-45 p.m. 

21-1.5 

hours 

5 ho urs 

before 

dentil 

Rare at 4 
and 6 hours 
before death 
and numer- 
ous later on 

Many 

240 

Blood of buffalo Inill 
calf, 2i- years of 
Vani, District 

Nasik 

1-9-1948 
at 4 p.m. 

2-9-1948 
at 5 p.m. 

hours 

1 hour 
heforo 
death 

Hare 

Pew 

219 

Blood of bullock of 
Hirekerur, District 
Dharwar 

1-9-1948 
at 6 p.m. 

3-9-1948 
at 1-15 p.m. 

44-1.5 

hours 

2 hours 
before 
death 

Very Hare 

Very few 

221 

Pasteurella culture 
isolated from rabbit 
Wo. 240 supra 

14-9-1948 
at 4-45 p.m. 

15-0-1948 
at 11 a.m. 

18-16 

hours 

2 hours 
before 
death 

Hare 

Rare 

226 

Pasteurella culture 
isolated from rabbit 
No. 218 supra 

14-9-1948 
at 4-45 p.m. 

1.5-9-1948 
at 545 a.m. 

13 

hours 

1 hour 
before 
de ath 

Hare 

Rare 

238 

Pasteurella culture 
isolatedfrom rabbit 
No. 208' swum 

14-9-1948 
at 4-45 p.m. 

16-9-1948 
at 10-16 a.m. 

17-30 

hours 

2 hours 
before 
death 

Rare 

Itarc 


Notes.— 1. Smeara prepared after death from the spleen, lymphatic gland and the seat of li o( ulaticm < d 7 ahUmelln 
in large minil)er8 hut those i)repared from other vital orpens ami the ptritomal exudate^ a fair 
2. Cultures made from the heart blood after death gave rise to a profuse gro-ath of Jasttvmla in eultuu. 
media in nil cases. . „ 
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indicated by the rise of body temperature, dulbioss and loss of Piutrmirlla 

could not be detected in the blood circubitiou prior to six liours bi'lbiv, d('.al.h. It 
was believed that organisms were present but (lue to their Hinall iiiiinlK'r and iJieir 
presence in some indistinguishable furnislike faintly stained coccu, they <u)iil(!, not be 
detected microscopically. Witha viewtoconfiriniugihis idofi two rabbi! s, Niniilxov, 
228 and 238, were injected subcutaneously with virulent on 

at 12 p,m. Blood samples and blood smears were (joliected from them in tin; morniiig 
every hour from 61 hour onwards after infection, .Both of tlnnn died betw(‘,ea b and 
9-30 p.m. on the same day, i.e. about 22 hours after infection. Blood smears e-ollfH-ted 
from them proved positive for pastourellosis from 3-30 p.m. onwards, i.e. six hours 
before death. Blood samples collected at 6*30 a.m. and ll*3t) a.m. were tested for 
pathogenicity by injecting into rabbits with a positive result in each cas(\ 

This experiment revealed that the blood samples collected at- the tenth and fif- 
teenth hour before death, proved positive for 'Pasteurellu inftiction in tlic biologitnil 
test, while blood smears collected at the same time faihul l.f) rev(<al any dislinguish- 
able forms of Pasteurelh in tlui microscopic examiuatimi. 

Experiment III. Pastourella invaakm in the blood of mbhifA (bimuj life ns drferiiiinrd 
by the cultural and animal inoeulatimi tests 
Ah the findings of the ])receding experinnnit hav(! not beim reporl.i'd ]>re.viou.sly, 
the question was further pursued iu order to find out how so<m, sd’t.er itUVcIiotu Mh^ 
blood of rabbit infected with Pasleurella liecoiuos iuvad<>d by fhe. organism. Two 
rabbits were subjected to the test ; the results nvn imlic,af4.'d in dh,hl{'. !!. 


Table If 

• Cultural and paihoyenicity tests into blood of artiJiinuUy infevted rabbits duriny life 


Time of bleeding 
of mfeoiecl rabbits 

Rabbit No. 20-1 infected with Pnsfmi.- 
rclh wi rain, .R. 218 

Rabbif No. 205 inforted with PuMnu* 
fvlla atraiu, R. 2o0. 

Uultiiro with a 
loopful of blood 

Rabbit iuoeulatiou 
with 0*5 o.c. blootl 

(lulture with a 
lotjpftil of hiftod 

Ralibit itumuliition 
with 0*5 f.e. Idood 



Infected Avit 

h PasteufeUa at V-O i 

.m. on 7. 10- 48 


10*15* a.m. 

No growth 

Not infectivo 

No growtli , 

N<»t infective 

11*15 „ 

11 colonies of Pas- 

Infective 

do. 

lufuetive 


teureJla 




12*16 p.m. 

35 

do. 

do. 

do. 

do. 

1*16 „ 

102 

do. 

Not done 

10 c.olonieH of /*a«- 

Not done 





kurcllti 


2*15 „ 

140 

do. 

do. 

18 <lo. 

do. , .. . 

3*16 „ 

150 

do. 

do. 

tJoutnininated i 

do. 

416 „ 

20G 

do. 

do. 

38 ('olfmi(3,s of Pus- 






(mrdla 


6*16 „ 

262 

do. , 

do. 

{>i do. 

■ 1 

do. 
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Fiirtlier observation was not made. Both, died at night the same day. Heart 
blood cultures made next morning were positive in each case. 

Determination of facts 

1. PasteureUa invasion occurred in artificially infected rabbits 2-15 hours after 

infection. 

2. The above invasion was possible to be determined only by the animal inocula- 

tion test in both cases and by the cultural test in one case. 

3. The colony count of the blood showed a progressive increase in the Paste, urella 

colonies every hour as the septicaemia progressed. 

Experiment /F. Nature of PasteureUa invasion in the blood eirciilation' of cattle 
and buffaloes 

The natural facts determined in the preceding three experiments were of immense 
importance in the diagnosis of haemorrhagic septicaemia in the field where immediate 
control measures were required to be applied. Since we were called upon to deal 
with outbreaks of haemorrhagic septicaemia in large animals whose natural resis- 
tance was greater than that of rabbits, it was deemed necessary to repeat these 
experiments in bufialoes and cattle. Accordingly, three buffalo calves and one 
bull calf were infected with mixed culture of strains R. 216 and R. 22G 

(supra) at 10-15 a.m. on 26-11-1948, The dose used was 0*5 c.c. of blood agar culture 
tube emulsified in 4 c.c. of normal saline. The body temperature of each of these 
animals was noted and also blood and blood smears were collected from them every 
three hours day and night from the time of infection until death. The blood was 
collected with aseptic precautions from the jugular vein and a drop of it was 
transferred directly from the syringe into a culture medium and the remaining blood 
stored in ice for the jmrpose of conducting animal inoculation tests. The details 
of the various tests carried out are given in Table III. 

Determination of facts 

1. The incubation period of pasteurellosis in experimental buffalo and bull 

calves was from three to six hours. 

2. Past, hoviseptica, Indian strain, killed experimental buflalo calves in 32-7 

hours (average) and a bull m 60*26 hours exhibiting a high degree of 
virulence. 

3. PasteureUa invasion of blood circulation determiaed by different bacterio- 

logical methods was as follows : 

In buffalo calves 

By rabbit inoculation test : 13 hours (average) after infection or 19-33 hoirrs 
(average) before death. 

By cultural test : 1.7 hours (average) after infection or l,5-4 hours before 
death. 

By microscopic examination : 21 hours (average) after ml'ection or 11*7 hours 
(average) before death. 
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In bull calf 

By rabbit inoculation test: 36 hours after infection or 14-51 hours before 
death. 

By culture test : 42 hours after infection or 8-15 hours before death. 

By microscopic examination : 46 hours after infection or 6*16 hours before 
death. 

The above results proved that rabbit inoculation test carried out with the blood 
of affected animals afforded the best means of diagnosing pasteurellosis early, as it 
was the only test which was capable of detecting PasteurelU infection as soon as 
septicaemia had set in. 

Discussion 

According to Hutyra and Marek [1946] the minimum incubation period in ex- 
perimental inoculation is 6 hours in the bull and 12 hours in the buffalo ; but in 
the experiments conducted by the author it was three and six hours respectively. 

It is stated already that previous workers had not extensively attempted tine 
best method of diagnosis of pasteurellosis during life of the attaclced animals. They 
have generally described what materials from a dead case should be collcctod and 
examined microscopically for the disease. But many workers must have experi- 
enced that smears collected from the heart blood and internal organs, of even 
normally dead animals in which putrefaction has set in, often have shown bipolar 
stained organisms. A laboratory diagnosis by the microscopic examination of blood 
smears which are collected from decomposed carcases and which are not stained by 
Gram’s stain for differential purposes is, therefore, inadvisable in pasteurellosis. 
further in these days of scientific advancement, it is rather objectionable to ask the 
field workers to hold, for the purpose of collection of smears and other materials, 
a post-mortem examination in a case suspected to have died of any deadly contagi- 
ous disease, such as anthrax, pasteurellosis, black quarter, etc. for field workers can 
do so only in the open grazing area in Indian villages ; the infection as a consequence 
becomes easily disseminated to other healthy animals directly or indirectly, either 
immediately or sometime later. In some provinces in India cutting open an anthrax 
carcase is prohibited by law; it is, however, possible that Veterinary Officer vsuapecting 
pasteurellosis may open an anthrax carcase, if the present practice of collecting mate- 
rials for microscopic confirmation from dead cases is not stopped as far as possible 
or discouraged. This can be done provided information is made available regarding 
the right materials to be collected during life and the best method of laboratory 
diagnosis. These were the main points considered during the enquiry, the results, 
obtained have furnished the necessary information. 

Summary 

It might be observedffrom the foregoing results that septicaemia actually occurred 
much earlier than what was believed to be sd far in pasteurellosis. This septicaemia 
can be detected only by carrying out animal moculation test in rabbits which are 
most susceptible to the disease. Other methods of detection, viz. cultural test and 
microscopic examination are not so efficient as the biological test. Diagnosis of 

' '-C 
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Pastewella outbreaks in tke field can be accurately made, frer.li _dca,d 
are not available, by collecting a fewc.c. of blood from an aflectcd ainniul wbu-b, 
is, in as advanced a stage of tke disease as possible, i.e. about 20 and M bourn iM^cu'c 
death in buffaloes and cattle respectively, and subjectmg the blood or arrutu<mg to 
subject it to rabbit inoculation test and recovering the pathogenK'- orgauisuiH from 
the experimental rabbit. A young animal preferably a buffalo sliould l)ti Hc‘b'(d('d 
for the collection of blood if more than one cases are available. 

The observation of the workers in the Western countries is that buffaloes ani 
more susceptible to pasteurellosis than cattle. Indian field workers experience 
has been also the same. But Bennet [1926] stated that both the species of animals 
in India were of approximately equal susceptibility. In the experiments reported in 
this article it has been revealed that the first invasion of Pastewella occurred in blood 
circulation 2-15 hours, 13 hours and 36 hours after infection in the rabbit, buffalo 
and bull, respectively which indicates conclusively that the degree of suscepi.ibility 
of each of the species mentioned to pasteurellosis is in the descending older and that 
the buffalo is more susceptible than the ox. The susceptibility of animals (;o a 
disease particularly of bacterial origin can be judged better by tlui data of ilio firsi; 
invasion of the causal agent in the blood circulation and of tlie peritenbige dejff h due 
to the same than by the latter alone. 

Acknowledgements 

This work was carried out under the Bacteriological Research Extension Sc.hemo 
sanctioned by the Government of Bombay. Mr. D. T. Parnaik, G.B.V.C., Assistant 
Bacteriologist and Messrs. P. R. Dhake, G.B.V.O. and V. B. Kulkarui, G.B.V.O., 
Graduate Assistants, rendered invaluable help in carrying out the experiments. 
Grateful thanks are duo to Mr. L. Saliai, M.Sc., M.R.C.V.kS., Director of Animal 
Husbandry and Veterinary Science, Bombay Province and Mr. S. R. Ohadlia, B.Sc., 
M.R.G.V.S., Principal, Bombay Veterinary College, Bombay, for their encouragement 
in this work. 

EEFEEENCES 

Bennet, S.C.J. (1926). Haemonhagic septicaemia in cattle in India. Affnc, J. India, 81,367 
Gaiger and Davis, G.O. (1947). Veterinary Pathology and Bacteriology, Balliore, Tindall and 
Cox, London 

Hutyra, P. and Marek, J. (1946). Veterinary Pathology and Therapeutics of the Diseases of Domestic 
Animals, Bailliere, Tindall and Cox, London 

Kelser, E,A. and Seboening, H.W. (1943). Manual of Veterinary Bacteriology, The Wiliiams 
and Williins Company, Baltimore 


APPENDIX 

Protocols 

Post-mortem examination report No. 1 

Buffalo bull calf, age ten months, injected with Past, hovisepica mixed culture of 
strain Nos. 216 and 226 on 25 November 1948 at 10*16 a.m., died at 2*40 p.m. on 
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26 November 1948. Post-mortem examinatioa held on 26 November 1948 at 
2-50 p.m. 

Kigor mortis: Not set in, carcase in good condition. ''^7', • 

Seat of injection: Gelatin.ous, thick exudate in large quantity. 

Pliarjnx : Congested ; Glotis : Congested ; Trachea : Foamy mucous ; Inter- 
cartilage space : Congested ; Oesopliagus : Normal ; l^erieardiai sac : Nothing un- 
usual ; Ventricles : Endocarditis in the left ventricles ; Lungs : Consolidated areas 
whicli sink halfway in water. 

Kidney : Surface, cortex and medulla deeply congested ; Urinary bladder : 
Empty ; Liver : Surihee and parenchyma, deeply congested, no liver flukes ; Gall 
bladder :'150 c.c. bile ; Spleen : Nothing unusual, Parenchyma slightly congested. 

Abomasum : All the folds congested, pylorus deeply congested ; Fundus : Deeply 
congested ; Ga,ecum : Parasitic nodules, deeply congested ; Large intestine : Deeply 
congested with small balls of faeces wrapped in large quantity of gelatinous mucus ; 
Mesenteric glands : Enlarged. 

Post-mortem examination report No. 2 

Buffiilo bull calf,, age one year, injected with Past. bovwe 2 )tica mixed culture of 
strain Nos. 216 and 226 on 26 November 1948 at 10*20 a.m., died at 6*30 p.m. 
on 26 November 1948. Post-mortem examination held at 9*30 ii.m. 

Bigor mortis : Not set in. 

Seat of mjection. : Gelatinous, thick exudate. 

Pharynx : Congested, Larynx : Congested ; Trachea : Congested ; Intercartilfigo 
space : Congested ; Lungs: Congested patches; Epicardial sac: Empty; Epicar- 
dium : Congested patches; Left ventricle : Bhidocarditis. 

Spleen: Surface normal, Parenchyma congested; Liver: Liver flukes present 
in the bile ducts ; Gall bladder : 200 c.c. l>iie ; Kidney : Surface and parenchyma 
congested ; Medulla : Swollen, gelatinous soft and yellow in colour ; Urinary 
bladder : Full, about 200 c.c. urine. 

Mesentery : Congested, engorged blood vessels ; Abomasum, fundus and pylorus : 
Deeply congested ; Small intestines : Congested ; Caecum : Punctiform Jiaemorrhages ; 
Large intestine : Congested. 

Post-mortem examination report No. 3 

Buffalo bull calf, age two years, injected with Past homseptica mixed culture 
of strain Nos. 210 and 226 on 26 November 1948 at 10*15 a.m., died at 1 a.m. on 27 
November 1948. Post-mortem examination held on 27 November 1948 at 7*0 a.m. 

Eigor mortis : Not set im 

Seat of injection : Gelatinous fluid, deeply congested. 

Pharynx: Congested ; Larynx : Congested ; Intercartiiage space: Congested, 
foamy mucous in the trachea ; Oesophagus : Superior part congested ; Lungs : Con- 
gested and bluish deep patches ; Epicardial sac : 100 c.c. sangumeous fluid, engorged 
blood vessels ; Ventricles : Both congested. 
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Liver : Surface and parenciiyma congested ; Gall bladder : 150 c.c, bile, m.m.: 
nothing unusual ; Kidney : Medulla, cortex congested, hylus yellowish, white ; 
TJrinary bladder ; Empty, m.m. ; congested ; Spleen : congested, parenchyma 
congested. 

Fundus and pylorus : Deeply congested ; Small intestines : Punctiform haemorrh- 
ages ; Caecum ; Deejdy congested ; Rectum : Congested ; Large intestines : Congested 
throughout, straw coloured exudate in the abdominal cavity, congested blood vessels 
on the stomach. 

Post-mortem examination report Ko. 4 

Bull calf, age two half years, injected with Past, boviseptica mixed culture 
of strain Xos. 216 and 226 on 25 November 1948 at 10*15 a.m., died on 27 November 
1948 at 12*30 p.m. Post-mortem examination held on 27 November 1948 at 2*30 p.m. 

Rigor mortis ; Not set in. 

Seat of injection : Gelatinous mass, deeply congested, engorged blood vessels. 

Pharynx : Congested ; Larynx : Congested ; Iiitercartilage space *. Congested ; 
Trachea : Congested ; foaming mucous on the floor of the trachea ; Lungs : Con- 
gested patches ; Oesophagus ; Congested ; Epicardial sac ; About 160 c.c. fluid j 
Pericardium : Congested, blood vessels engorged ; Ventricles : Deep dark patches 
(congested). 

Liver : Congested ; Gall bladder .* Dark bile about 200 c.c., m.m. ; nothing 
unusual ; Kidney : Surface congested, Cortex and medulla congested, Urinary bladder: 
Empty, m.m. congested ; Spleen : Congested patches, parenchyma congested. 

Fundus and Pylorus : Deeply congested ; Small intestines : Piinctiibrni haemorrh- 
ages ; Caecum .* Punctiform haemorrhages ; Rectum .* Deeply congested patches ; 
Large intestines.* Congested, blood vessels on the alimentary canal congested. 




SOME OBSEEVATIONS ON MORTALITY IN GOATS 


By H. K. Ball, B.Sc., M.R.C.V.S., Assistant Animal Husbandry Commissioner 
with the Government of India and Jagat Singh, L.V.P,, Government Live- 
stock Farm, Hissar 


( Received for publication on 3 September 1949 ) 

(.With one text-figure) 

T here are no reliable data available on the mortality among goats in India. 

The success or otherwise of a breeder depends upon the rate of mortality in his 
stock, high mortality being a constant wrorry to him, as it not only retards progress 
but seriously affects his returns also. Therefore, to throw some light on this 
problem some, aspects of mortality in goats have been discussed. The present 
contribution which is a compilation of data on mortality of Beta I flock bred at 
Hissar, of Barbari goats kept at the Mission .Poultry and Goat Breeding Farm, 
Etah, Jamnapari and some other Cross breds (Toggeiiberg and desi) and Hill 
goats maintained at Hissar Farm. Much, as we would liavc liked to include 
the data of mortality of goats in villages under varying conditions of (dimate, 
we have not been able to do so, mainly owing to the iuava, liability of data. 
The two places, Hissar and Etah, where , these flock.s of goats have been 
maintained, possess dry climate. Though, there is considerable difference in 
the yearly rainfall at these places ; it is 15 in. per annum at Hissar and 24-28 
at Etah. 

Management : 

The main flocks, under consideration are those of damna])ari, Betal and Barbari 
breeds which have been maintained with a view to improve the imlk yield of these 
breeds by selective breeding. The goats go for grazing on the farm Mr; and the bucks 
and milk goats get concentrates in addition to grazing. The goats are housed in 
free ventilated sheds, amply protected from extremes of heat, cold and rains. As 
a safeguard against parasites, the goats are drenched with one per cent solution of 
copper sulphate and mustard every month and occasionally dipped to protect 
against external parasites. The sick ones are isolated and tended to in the hospital 
attached to the farm, where they are treated., after a proper diagnosis has been 
made. 


Mortality in various brbe.i).s 

Table I gives the average of mortality in the various breeds. The data covers 
the period froni 1928 to 1944 in case of 
1931 to 1944 in 



Avcirai!.'.!' 


Average 


MilU pfsrfomance 


Average mortality 


Average 


Daily 

average 

yield 


Maximnm 
Days dry yield 
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Mortality vn, various 


breeds 


Serial 

number 

Breed 1 

Alale 

Percent 

leraale 
Per cent 

1 

Betal 

10-6 

10-8 

2 

Jamnapari 

8-9 

9-9 

3 

Barbari . 

4-3 

13'0 

4 

Toggettberg 

23-3 

65-8 

5 

Cross-bred 

0-U 

4-2 

0-B 

6 

Desl 


7 

Hill goats 

0-0 

3'3 


UtiumrkH 

AihiUs above li 
years 

Itida from I'irtli to 
1| years 

Average of 0 years 
Average of “i- 

Average of 4 years 
Average of it years 


It is observed, that for which only Tneagre aara wv = 

adults. With the exception of the other hreofls , t 

available, the mortality m Betal \ ^ g variation in luortnlity on 

was the lowest in the Hill goats. There ^ . -i i^^ibari, the mortality ivsis 

of the sex difference in Betals, but The mortality varies froin yeat 

higher in the male kids than m variations being most prominent m tbe 

to^year in all the breeds ^ 'fogl^er amongst the adults of Betal 

arliilt Stock The mortality was not much, n^u 
S ttg 193942, wMcK were fen.™ 

It is observed that the mortality g higher m ^ ^ mortality, 

out by Table II, which gives comparative data ot miiR y 

. Table II ■■■ ■ , 

Cmnpj,r«tiM Ua of milk yiM ard wMtdity ^ 


Breed 

Adult 

female 

goats 

Kids 

yield per 
lactation 

Betal • 

10-8 

29-5 

■ 

489-8 lb. 

Jamnapari 

9-9 ! 

21'6 

» 465-6 „ 

Barbari 

13-0 

10*2 

381-0 „ 

Desi 

9-5 


446-1 „ 

I Cross-bred 

4-2 

89-8 

898-2 „ 

Hill goats 

S-3 

13-3 

8 to 12 OJS 


December, 1949] 


H, K. LAtli AND JADAT SINaiEt 


m 


Seasonal mriatims in mortality 

A year has been provisionally divided into four quarters starting from April. 
The first quarter including April, May and June is hot, dry summer, the second from 
July to September is hot, humid and rainy, the third from October to December 
and the fourth from January to March are winter months. One of the objects of 
this seasonal division was to find out the best kidding season by a study of mortality 
in each season. The usual dry season at Hissar starts towards the end of March 
and continues to the end of June, followed in. the beginning of July by the monsoon 
period. The hot humid weather lasts till the end of September, when, from October, 
the winter maybe said to set in. The temperature is low -in December, January and 
February. The average rainfall at Hissar is about 17 in. (15 in. during the years under 
review), but failure of rains is common, when scarcity conditions prevail. The 
rains usually continue during the monsoon months, when abundant grazing and 
browsing in the forest, attached to the farm, is available, but much depends on the 
distribution of rainfall in the different months. The winter rains are usually meagre 
and uncertain and have uneven distribution. During the last quarter, i.e. January 
to March, there is usually scanty feeding and there is shedding of tree leaves, which 
may have profound effect on the health of goats in that quarter. 

It is observed from Tables III and IV that the average mortality on the 
whole is the least in the second quarter and the highest in the fourth, in both the 
males and females. Thus comparing the casualties in summer and winter months, 
it is seen that mortality in winter months is almost double tha,n that in the summer 
months. 

Table 111 


Mortality in summer and winter 


Quai'ter 

Number of deaths 

Peroentago 

1st 1 . ■ . . . 1 

r 204 1 

22-81 

^Summer i 

i i 

^7*2 

2nd j : 1 

1^ 167 ! 

14'4 J 

3rd 1 

f 303 i 

26-n 

^Winter l 

i 1 

U2*5 

4th J — : i 

1 - 424 1 

1 36-4 J 


Same is the case in Jamnapari, except that in male kids mortality is the 
least in the first quarter instead of in the second. In Barbaii kids results are 
entirely different ; in the female kids the highest mortality occurs in the first 
quarter and the lowest in the third. In the male kids, mortality is equally 
distributed throughout the year. Oross-breds behave exactly, like the Betal kids, 
while in the Hill goats the 'male kids show equal mortality in summer and winter, 
while the females suffer more in summer than in winter. This is, perhaps, because 
the females cannot stand summer so well, as the males. 

;d 2' 


Mortality in vanous (rreeds ' 
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It, is also noted that the mortality rate is not more in some quarters because 
of the higher birth rate in those, but, is due to seasonal changes (Table V). 

In case of adults, however, season does not seem to havi'- much influence on 
mortality as deaths are fairly equally distributed in all the four ([uarters except m 
the first one, in which mortality is only slightly less. 




Monthly dutfihution oj 

When monthwise distribution is taken into account, it is noted that the least 
number of deaths in the adult stock occur in the month of July, and in the kids m 
August. With the onset of summer, there occurs a decrease in mortality as shown 
below, till the lowest figure is attained in the month oi’ August. 




April 

May 

June 

July 

.August 


:2-8 Per cent 
2*2 do. 

1'4 do. 

1'5 do. 

]'4 do. 




In the winter period, more deaths occur in the post- winter months than iu the 
pre- and mid-winter. On account of different disf ribution of mortality m the kids 
and adults, no particular month or months can be singled out in which there is 
low mortality both in the adults and kids. 

Age wise disfHhution of mortcdity 

Table Yl summarizes the distribution of average mortality according to age 
in Betal goats from 1928-44 and in the Jamnapari and Barbari from 1931-44. 

It is apparent that 18-6 per cent out of the 29*5 per cent mortality in the kids 
occurs from birth to the second week of life. After the age of four w^eeks (one 
month) there is a reduction in mortality and thereafter up to 1-1 years, the percentage 
of mortality is lo-w. It may be stated that kids are weaned at 3-4 months of age. 
Again in the adult stock, at the age of two years, there is an increase m the percentage 
of mortality, since 3*7 per cent out of 9-7 per ciait average mortality occurs at this 
age This is also high as compared with 1*7 mortality at 1^ years ol age. i. ins is 
nTost probably due to the strain of first Iddding upon female goats, which generally 
kid for the first time at this age. This is borne out by the fact that about 4G-9 per 
cent of the deaths (see Table VTI) wbicli occur at this stage, are due to uterine and 
udder affections. 
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Table VII 


Causes of mortality in the female 


! 

Number l 

Peritonitis | 

aupture 

intestine 

Septic 

metritis 

Kupture 

uterus 

1 Mastitis 

Lung 

affection 

T. :b. 

Septi- 

caemia 

Liver 

affection 


2 

2 

16 

■ . 10 

11 

IS 

7 

■ — 4';' 

7 

died 










Percentage 

2-5 

2-.<> 

20-3 

• 12-8 

13'8 

16'5 

S-8 

5-0 ! 

1 8*8 


After the goats are two years old, there is a decided fall in the record of mortality 
and during the succeeding years of the goat’s life, the mortality figures remain fairly 
low and uniform. 


Similarly in the Jamnapari kids, there is higher percentage of mortality up to 
the age of one month; 6-5 per cent out of a percentage of 21'6 deaths occur at tins 
shage. From the age of four ^nttnths onwards, ther(.i is a decided fall. In the adult) 
feimile goats there is more mortality at the age of 2-3 years than at any other age. 
Duite like Jamnapari, the Betal and Baihari kids suher high moitality from birth 
up to one month of age ; from tlie age of three months there is a decided fall up to 
i.t years. In the adult female goats out of 13 per cent mortality, G-3 per cent is 
distributed at the age of 2-3 years. 

liifect of rainfall, tem^iymiture and humidity 

In order to find out whether mortality is inlluenced liy climatic factors like 
maximum and minimum temperatures, humidity and rainfall, the data were review- 
ed from the statistical point of view. Correlation co-efficients between mortality 
and various climatic factors collectively for all the years and also for the different 

([uarters were worked out with the help of the formula, fhis was 

done for the Betal breed only as full data for other breeds were not available. Table 
VIII shows the result of the analysis. 

From the analysis it appears that tlie separate atmijspheric factors, when com- 
pared statistically, have got very negligible effect on mortality ; although the data, 
as plotted in a graph (Fig. 1 ), without subjecting them to statistical analysis appear 
to indicate that there is some relationship between mortality and rainfall. From 
Fig. 1, it is seen that there is high mortality, especially in kids, in the years follow- 
ing drought years. For instance, in the years 1933 and 1934 following dry years, 
an^ in 1939-42, which are years of low rainfall, there is increased mortality. 




° RAIN FALL ® 

Fig, 1, Mortality among kids and adult goats (Betal) in relation to rainfall (192B-l{)t4) 
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Diseases musing mrtaliiy 

The data in this connection are available for Botal goats only, i hose can In 

classified as indicated below ; 




Diseased conditions 

Percentage of mortality 

yerial uumher 

- 



Adults 

Kids 


Digestive tract 

8.6 

38*6 


3M 

Bespiratory tract 

20-1 

'■ 2' ■ 

3*5 


3’S 

3 

Liver 

0*5 

0-8 


Kidneys 

0*0 

1’2 

5 

Brain 



6 

Udder (mastitis — female goots) 

18-0 


7 

Uterus (metritis and other uterine affeotions—femalo ' 

30-0 



goats) 


0*0 

8 

Navel 



8 

Debility 


3*3 

11*4 

10 

Premature births 


11 

Congenital deformity 


O*.'} 

13 

Killed by wild animals 

DO 

2'7 

13 

Goat pox 

1*2 


14 

Tuberculosis 

7*5 

(>•3 

IS 

Foot and mouth 


0-5 

16 

I’etanus 

0*4 


17 

Aptha 

0*0 

0-4 

18 

Miscellaneous 

7*1 

.3*1 


It is seen that the diseases of the digestive system are the most important cause 
of death followed by respiratory and uterine diseases. The digestive and respimtory 
troubles are responsible for heavier mortality in kids, while the uterine maladies 
Ccause deaths in adults. It is a noteworthy fact, that the parasitic diseases, which 
are known to cause heavy mortality in village goats, appear to be altogether 
absent as a cause of mortality at Hissar ; primarily because animals are regularly 
drenched and secondly because the area is dry, there is low incidence of parasites 
It may also be stated here that brucellosis has existed in this herd and mos ,. ot 
the uterine troubles can be attributed to that ; udder troubles have been traced to 
an outbreak of mastitis caused by contagious agalactia organism. 
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Discussion 

The data regarding mortality among the Betal goats for the last 16 yeaivS at 
Hissar is indicative of the fact that deaths due to various diseased conditions are 
not so high in the adult goats (average 10*7 per cent) as in the young ones (29’5 
per cent) ; in the lattei* mortality is 2-| times more than in the former. Tlie com- 
parative data over a number of years for Hill goats kept at Hissar, Jamnapari 
(10 years), Barbari (33 years), Toggenberg (6 years) and Cross-bred (5 years) goats 
kept at Etali Farm, U. P., under similar management, gives similar findings. It 
is also found that mortality in the Beta! goats kept at the Hissar is somewhat higher 
than the other breeds. Besides, there is higher mortality in the milch breeds of 
goats than in the non-milch breeds. Further, in the milch breeds there appeals 
to be some relation between milk yield and mortality, for it is found that goats of 
higher milk yield show more mortality than goats of lower milk yield. The seasonal 
distribution of mortality in the Betal goats varies a great deal in the kids, for it is 
found that in the kids mortality is the highest in the foiirtli quarter (January to 
March) and the lowest in the second quarter (J’uly-Au"ust-Se})teinbcr). Considered 
on siimmei' and winter liasis, it is found that nearly double the- mortality is recorded 
ill the winter months than in the summer ones. Tlie mortality in the adult stock 
is fairly uniformly distributed in all the four quarters. In this riispect, the Jamnapari 
goats (allied to Betal) .behave exactly like Betal, although kept at a different place. 
The Barbari breed of goats does not behave exactly lilce tlie other two, as in this 
breed the. mortality is equally distributed in the summer and winter seasons. How- 
ever, the atmosjJierie conditions as such, on statistical analysis, appear to have very 
little infiuence on mortality. Kidding percentage during the different mouths does not 
appear to be co-related with mortality. It, therefore, apjiears likely that nutri- 
tion may have some influence on mortality, especially in kids, for it is in the fourth, 
quarter, that there is found to be a great change in the composition of the leaves of 
trees which are generally eaten by goats. The percentage, of dry matter in the 
leaves is the highest, and the percentage of crude protein and phosphate the lowest 
in this quarter [ Ray and Momin, 1943 ]. The change in the composition of the 
fodder of the goats is likely to effect the nutritional value of goat’s milk, thereby 
affecting adversely the health of the suckling kids. 

Summary 

Data regarding mortality during the past 16 years in Betal goats kept at tiissar 
are presented in this paper ; comparative data on mortality of other breeds of goats 
like Hill goats, Jamnapari, Barbari, Toggenberg and Cros.s-bred, are also given. 
The results are : — 


Breed 

[ Mortality percentage 

' Adults 

Kids 

Betal 

10*7 

: '2<hr, 

Jamnapari 

9-4 

, 21-(> ■ 

Barbari 

8-0 

iO-2 

Toggenberg (foreign breed) 

44-5 

4-7 -9 

Cross-bred i 

4>2 

29 *8 

Hill goats 

3-8 

13-3 
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It lias been noted that in the kids mortality is higher in winter iiiontbs than in 
summer, and is more in milch breeds than in others. Digestive and iH’spiratory 
diseases are the common cause of mortality in the kids and uterine t.ronble in goats. 
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APPENDIX I 

Showing mortality amongst Betal breed of goats at Hissar farm from 
1 April 1928 to 31 March 19 M 



Adults 

Kids 

1 Number 

present 

Numljer 

died 

Forcentage 
of mortality 

Number 

present 

Number 

<iied 

J*ercentago 

ofmortality 

Male 

162 

i 

8*6 

3,774 

1,158 

30-6 

Female 

1,816 

239 

13-1 




Total 

1,978 

253 

12-3 





Serial 

number 

y ear 

Average ■ 
number 
present 

Number 

died 

Percentage 

of 

mortality 

Average 

number 

present 

Average 

number 

died 

Pei’centagt 

of 

mortality 

1 

1928-29 

1 37 

1 . o' 

13’6 

107 

54 

50 '5 

2 

1929-30 

61 

12 

19-7 

134 

21 

16'7 

. '3 

1930-31 

74 

9 

12-2 

124 

19 

15-3 

4' 

1931-32 

79 

9 

11*4 

176 

44 

25*0 

5 

1932-33 

82 

3 

3'7 

221 

51 

23*1 

6 

1933-34 

98 

8 

8-2 

220 

87 

39*5 

7 

1934-35 

111 

19 

17-1 

238 

88 

37*0 

8 

1935-36 " 

105 

18 

17-1 

168 

53 

' 31*5 

9 

1936-37 

110 

11 

lO’O 

218 

60 

27*5 

10 

1937-38 

121 

6 

5-0 

243 

65 

26*6 

11 

1938-39 

a. , 

14 

11-8 

231 

56 

23*8 
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appendix \-~ contd . 


Meiui=l3‘5 

Btandard deviatioii=d'53 
Standard error of mean=±l'n3 
Ooefficient variation=52‘2'i 


Meau=2!)'« 

Standard deviation— 14*7o 
Standard error=i3’69 
Coefficient of variation =49 ‘40 


Serial 

uumber 

Year 

Average 

number 

iiresent 

Number 

died 

Percentage 

of 

mortality 

•Average 

number 

present 

Average 

number 

died 

Percentage 

of 

mortality 

12 

1939.40 

168 

13 

7-7 

327 

109 

33-3 

13 

1940-41 

218 

22 ■ 

10-1 

362 

133 

36-7 

J4 

1941-42 

206 

53 

25-7 

410 

156 

38-0 

15 

1942-43 

197 

43 

2i-8 

315 

98 

31-1 

]f) 

1943-44 

192 

8 

. 4-2 ' 

280 

65 

23-2 


Total 

1978 

253 

19-2 

3774 

1 158 

473-2 
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STUDIES ON THE BIOLOGICAL VALUE OE PROTEINS OP 
SOME COMMON FEEDS 

I. BIOLOGICAL VALUE OE THE PROTEINS OE WHEAT STRAW AND 
SOME OILCAKES 

By B. Mukiieeoee and N. D. Kehab, Animal Nutrition Section, Indian 
Veterinary EeKearcli Institute, Izatnagar 
(Received for publication on 6 March 1949) 

I N formulating liuman dietaries it lias been customary to differentiate between 
proteins of different classes of foodstuffs by experimentation on rats. In tbe feeding 
standards for cattle and other ruminants, however, proteins of different feeding- 
stuffs have been assumed to be substantially equal in nutritive value. Until recently, 
no serious attempt had been made to study the qualitative difference in the proteins 
of animal feeds. This is mainly due to the technical difficulties and high cost involv- 
ed in carrying out the necessary experiments with ruminants. On the other hand, 
if small laboratory animals (e.g. rats or rabbits) are used, it is not possible to Confirm 
whether the results obtained with them can be applied to ruminants without parallel 
experiments being conducted on the latter. The use of a non-rummant for this 
purpose is further complicated by the widely different capacities of the two types 
of animals in utilizing coarse fodders. 

In view of the paucity of accurate information regarding the nutritive value of 
the proteins of cattle feeds and the immense practical importance of the problem, 
a comprehensive study of the subject was initiated. Of the methods employed for 
estimating the biological value of proteins, the Thomas-Mitchell method [Mitchell, 
1024] has been most extensively used in experiments on non-rnminants. According 
to this method, the biological value (B.V.) of a protein for maintenanoe is given by : % 

T3 Y N N ^n) n/ 1 AQ 

where, /^^—nitrogen intake, Jj^=total faecal nitrogen, ilij^=metabolio faecal 
nitrogen, Ujy— total urinary nitrogen and endogenous urinary nitrogen. 

The above formula shows that for the estimation of the biological value, the 
metabolic faecal nitrogen and endogenous urinary nitrogen data of the experimental 
subjects are essential pre-requisites. The metabolic faecal nitrogen data are also 
required for the calculation of the true digestibility coefficient (T.D.C.), since it is 
given by : 

T.DU. == 100 

Studies on these pre-requisites have recently lieen reported by Kehar et al. [1943] 
and Mnkherjee and Kchar [1949 Ujb and c]. These have made it possible to investigate 
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the biological value and digestibility of the proteins of typical combinations of 
cattle feeds, regarding which no information is available. This article deals will), 
the protein value of the combinations of wheat straw and some comnion oilcakes. 

Experimental 

The general procedure of conducting metabolism trials and the methods of 
analysis followed in the present investigation are practically the same as those 
described by Kehar ei al. [1943] and Mukherjee and Keliar [1949 a]. The adjust- 
ment and collection periods for the metabolism experiments were 16 days and 10 
days respectively. Intervening periods of 15 days or more were allowed lietweon 
two consecutive experiments, during which a good stock diet was fed. 

In these studies, the biological value and true digestibility of two or more 
concentrates or rations have been compared either (a) with the same animals in 
dilferent periods or (b) with two or more identical groups of animals in the same 
period. Since the biological value varies with the percentage of protein in the ration 
[Mitchell and Hamilton, 1929], the protein level in the individual experiments was 
kept within narrow limits by controlling the roughage intake. Whenever any 
animal in a group or experiment grossly failed to satisfy the required conditions of 
uniformity in protein level and energy intake, observations made on it were omitted 
from the tables. In all cases, adult healthy animals were used and the biological 
values reported in this series of investigations refer to those for maintenance. 

The biological value and true digestibility figures were calculated according to 
the formulae already given. The figure for endogenous uriufiry nitrogen was taken 
to be 0'02 gm. per kg. body weight for cattle [Kehar et ak, 1943]. Metabolic nitrogen 
was estimated graphically [Mukherjee and Kehar, 1949 c]. 

The experimental rations consisted of wheat straw and a supplement of one 
of the following nitrogenous concentrates at 9 and 6 per cent protein level, Ih’o- 
limmary experiments showed that wheat straw alone failed to mamtain animals in 
nitrogen balance, hence the biological value data of the supplemented ration only 
are presented here. Of the three concentrate mixtures used, the first one couvsisted 
of groundnut cake (94 per cent), calcium carbonate (3 per cent), and sodium chloride 
(3 per cent) ; the second and third mixtures were similar to the first but contained 
colaa cake and mustard cake instead of groundnut cake. The amount of food offered 
to the experimental animals was calculated according to the 0-73 power of their 
respective body weight, since the energy requirement of animals varied accordingly 
[Brody et al., 1934], Every attempt was made to keep the energy intake at a uniform 
level, viz. 4 lb. of starch equivalent per 1000 lb. body weight. Sen [1949] ha.s 
compiled the data of some Indian experiments, which suggest that the energy 
requirement of Indian cattle is about 4 lb, of starch equivalent per 1000 lb. body 
weight for maintenance. 

A comparative study on three types of cattle consuming the same ration was 
made so as to find out the possible effect of breed characteristics on the biological 
value and also if the inclusion of different types of animals in the same group affects 
the value as compared with those using a single type of animals. 
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Kesults and disodssion 

(a) Expemnent 1. —Observations on rations containing 9 per cent protein 

Tbe Bitrogen metabolism data of three bullocks fed on two similar rations contaiu- 
ing wheat straw together with (i) groundnut cake mixture and (ii) colza ca >^6 mix ure 
at 9 per cent protein level in two consecutive metabolism experiments are given in 
Table I. 

Table I 

Biological value and digestibility of the proteins of two mlcales plus wheat straw in 

cattle at 9 per cent protein level. 

(Metabolism data on daily basis.) 


Bullock 

number. 

Average 
body 
weight 
= W 
(lb.) 


Food N 

Faecal 

dry 

matter 

=F.D. 

F.D. 

0-73 

W 

Nutrient intake@ 

(per 1000 lb. body 
weight) 

Food 

dry 

matter 

intake 

(gm*) 

Rough- 

age 

(gm-) 

Concen- 

trate 

(gm.) 

Starch 

equi- 

valent* 

(lb.) 

Digestible 

protein 

(lb.) 




Groum 

'Inut cake ration 




Ha 1 

800 

*5339 

\ 22-2 

46-1 

^ 2200 

16-7 

4-3 

0*71 

L 5 1 

840 ! 

4342 

174 

48-1 

2130 

15-6 

3-6 

0-64 

Ha 8 

1128 

7072 

29-3 

63-6 

2860 

16-9 

4-4 

0-73 

Average 

923 






4-1 





Colza calce ration 




ITa 1 

788 

4279 

16-2 

47-5 

2360 

18-2 

4-0 

0-62 

L 5 

816 

4211 

1.5-6 

50-4 

2260 

16-9 

3-9 

0-63 

Ha S 

loss 

6522 

25-1 

66-6 

2720 

lG-5 

4-6 

0-87 

Average 

897 






4-2 



* Assuming the starch value of the dry matter of tbe straw and cakes to be 25 and 77 per 

g2 


cent respectively. „ , , , - n. 

@ Calculated according to the 0*73 power of tho body woxgUt, 
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Table l—contd^ 




Faocal N 1 

Urinary N I 



Digestibility 

coefficient 








Biologi- 

cal 

value 

per cent 



Btillock 

number 

Food 

t N ! 

(Total) 

(gm.) 

Total 

(gm*) 

-'Itteta- 1 
bolic 
(gna.) 

Total j 

(gm-) 

Endo- j 
genous 1 
(gin.) 

Nbal- 

anco 

(gm.) 

True 

Appa- 

rent 


Groundnut cake ration 


Ha 1 

L 5 

Ha S 

68*3 

65-5 

02-8 

24-6 

24*8 

34-8 

16-8 

17*4 

22*0 

42*3 

41*4 

08*2 

7*3 

7*8 

10-2 

-1-1-4 

__0*7 

— 0-3 

42*1 

41*8 

39-9 

88-6 

88-7 

86-2 

64-0 

62*1 

62-5 

Average 



’ 



■+•0*1 

41-3 

87-8 

02*9 




Colza cake ration 





Ha 1 

63-7 

26-1 

17*9 

33*5 

; 7*2 

-1-4*1 

52*6 

87-1 

69-0 

L 5 

66-0 

26-9 

18*1 

38*3 

7*4 

-1-0*8 

40*0 

86*7 

69 2 

Ha S 

91-7 

32-0 

21*0 

63*3 

9*9 

-1-6*4 

46*2 

88*0 

65-1 

Average 


■ ■■ 




-1-3-8 

48*3 

87*3 

61*1 

r . 


The data show that the total nitrogen and net energy intake of the animal 
was comparable on both rations. The average biological values of the proteins of 
the above mentioned combinations of feeds were 41*3 per cent and 48*3 per cent 
respectively ; the difference was statistically significant. As can be expected from 
the biological value results, the nitrogen balance was also higher on the colza cake 
ration. The true digestibility coefficients of the proteins from groundnut and colza 
cake rations were 87*8 per cent, 87*3 per cent respectively. 

(6) Experiment 2, Observations on ration, s containing six per cent protein 

In this experiment the same two bullocks were fed, at different periods, concen- 
trate mixtures containing groundnut, colza and mustard cakes along with wlieat 
straw, the protein content of the three rations being about 6 per cent. 
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Table II 

Biological mine and digestibility coefficient of idte proteins of three oilcahes wheat 
straw in cattle at 6 per cent protein level. 

(Metabolism data on daily basis) 


Bullock 

number 




FoodN 



Average 

body 

weight 

=w 

(lb.) 

Food 

dry 

matter 

intake 

(gm.) 

Rough- 

age 

(gm*) 

Concen- 

trate 

(gm.) 

Faecal 

dry 

matter 
= F.D. 
(gm.) 

F. D. 

G*73 

W 


Ha 12 
Ha 13 


Ha 12 
Ha 13 


Ha 12 
Ha 13 


Nutrient intake @ 
per JOOO lb. body 
■K-eigUt 


Starch 

equi- 

valent* 

(lb.) 


Digestible 

protein 


(lb.) 


980 1 
954 1 


1120 1 
1044 


7109 1 
6566 


6173 1 
6712 1 


6758 I 
7165 


Gromdmit cake ration 

31*80 I 


31*5 

29-1 


30*7 I 
27*9 I 


Golem cake ration 


26-5 I 
24*4 1 


30*4 I 
29*5 I 


2800 1 
2720 I 


Mustard cake ration 


29*3 I 
31*3 


33*7 I 
30*0 


3160 

3360 


20-4 1 
19-3 1 


18*4 t 
18-2 1 


18*8 j 
21*0 


4*3 1 
4*1 I 


4*1 ] 
3-9 1 


4-0 

4-3 


0*44 

0*33 


0*38 

0-36 


0*36 

0*36 


Urinary N 


Digestibility 

coefficient 


Bullock 

number 

Food 

N 

(total) 

(gm.) 

Total 

(gm.) 

Meta- 

bolic 

(gm.) 

Total 

(gm. 

Endo- 

genous 

(gm.) 

N 

balance 

(gm.) 

Bio- 

logical 

value 

(per cent) 

True 

Appa- 

rent 

Ha 12 ^ 1 

Ha 13 1 

62*2 1 
67*0 

30*6 1 
33*3 1 

Ground') 
23*6 1 
22*2 

lut cake n 
31*0 1 
28*2 

Uion 

9*2 1 
8*9 

+0-7 1 
—4*5 

' 

66*6 

68*0 

88*0 

SO-5 

.51*0 

41.6 

Average 







69*3 

1 84*7 


Ha 12 

Ha 13 

56*9 

.53*9 

30*0 

28*4 

Colz, 

21*2 

20*6 

% cake rati 

26*0 

24*1 

'on 

8*9 

8*7 

+0*9 

4-1*4 

64*6 

66*6 

84*5 

86*6 

47*3 

47*3 

Average 







65*6 

sn-o 


Ha 12 

Ha 13 

63*0 

61*3 

,36*1 

34*6 

Musfa 

23*8 

24*8 

rd cake ra 

30*1 

24*4 

iion 

10*2 

9*6 

—2*2 
+ 2*3 

61 *5 
71*1 

82*1 

84*0 

44*3 

43*6 

Average 







66*3 

83*0 



* Vide footnote of Table I 
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Tlie results sliow {vide Table II) that although the average biological values of 
the coka and mustard cake rations (65-6 per cent and 60*3 per cent respectively) 
were higher than that of the groundnut cake diet (59‘3 per cent), the difl<‘ieii<ie 
was not statistically significant. It seems likely that if the nuniber^ol animals wcr<5 
larger, the difference might have been found to be statistically significant. ^ The 
digestibility coefficients (84*7 per cent, 86*0 per cent and 83*0 per cent) ol tlie 
nitrogen content of the throe rations were, however, similar. 

(c) Experiment 3. Gomparison of tlie biological value remits oh different breeds of cMile 
The results of this experiment axe presented in Table HI. 

Table III 

Biological value of the proteins of a ration, mnposed of wheat straw and mustard cah^ 
on two breeds o/ eattle 


(Metabolism data on daily basis) 


Bullock 

number 

1 

Average ! 
body 
weight 

(ib.) 

Starch 
equi- 
valent per 
1000* Ib. 
body 1 
weight j 

1 (ft.) - j 

Food N 
(Total) i 

' (g«i-) j 

Faecal N 
(Total) 

! (gi».) 

Urinary N 

Biological 

valuo 

(per cent) 

Total 

(gm.) 

Endo- 
genoufi 
(gin-) 1 


On local hulheks (Malion : 6‘1 per cent G.P.) 



L 4 

601 

3-6 

26-3 

16*3 

11*0 

4-6 

71*0 

L 5 

61C 

4-3 

33'7 

18-8 

14*6 

4*7 

67*7 

Average 







60-3 


1 

On Kumann hullocTcs {Eation 

.* 5'0 per cent G.P.) 



K 1 

315 

4-0 ! 

21-9'] 

12-6 

8*7 

2*9 

71-0 

K 4 

340 

4*4 

23*2 i 

13-S 

9-5 

3-1 

70*0 

Average 





1 


70-6 


* Vide footnote of Tjible I 


As in other Tables, the data of only those pairs of animals have been recorded, 
whose food intakes have been fairly comparable. The biological value figures 
(69*3, 70*6) show that there is hardly any difference in the efficiency of utilization 
ofahsorhecl nitrogen hy the two types of cattle, namely local and Kurnaiin cattle. 
It is interesting to note that a similar value (66*3 per cent) was obtained for the 
biological value of an identical ration on Hariana bullocks in Experiment 2 
{vide Table II). 



{d) Comparison with published results 

It is difficult to compare our observations with those recorded in the literature- 
So far as we are aware^ there are hardly half a dozen published articles reporting 
the biological evaluation of feed proteins on cattle [Morris and Wright, 1933 a, 
1933 b, 1935 ; Morris etal., 1936 ; Morris and Ray, 1939 ; Harris et al., 1913] ; 
of these, only two [Morris and Wright, 1935 and Harris et al., 1943] arc concerned 
with the biological value for maintenance. 

Comparatively more work has been reported on sheej) [Turk et al., 1934, 1935 ; 
Miller et al., 1937, 1939 ; Smuts and Marais, 1939 a, 1939 6, 1940 a, 1940 b ; Harris 
and Mitchell, 1941 a, 1941 b ; Johnson et al., 1942 ; Ferguson and Heave, 1943]. 
None of the articles, however, deal with rations similar to those used in the present 
investigation. 

Turk et al. [1934] reported the biological value of the proteins of clover hay and 
alfalfa hay, with or without the addition of corn, to be about 80 per cent on growing 
lambs at 10 per cent protein level. Swanson and Herman [1943] give the (correspond- 
ing values of the proteins of alfalfa hay and milk for growing heifers as 75 pen cent 
aiffi 67 per cent respectively. But tlie biological value of themiixecl protcuis (at 
9 per cent level) of wheat straw and groundnut cake (41 per cent) or that ol: the 
colza cake combination (48 per cent) do not necessarily indicate a comparatively 
poor quality of the proteins of these rations, since the experimental conditions 
in the present investigation were different from those mentioned above. Our figure 
of about 66 per cent for the biological value of the wheat straw ].)Ius colza cake and 
of the wheat straw plus mustard cake rations at 6 per cent protein level can, however, 
be compared with the value of 79 per cent for the biological value of the casein 
ration fed to sheep at maintenance level by Harris and Mitchell [1941 a]. From 
this comparison, it may be argued that the colza and mustard cake rati<3ns furnished 
poorer assortment of amino acids than casern. The groundnut cake combniations 
have consistently been shown to be poorer than the corresponding colza or mustard 
cake ration in the present investigation. While no infornuition about the biological 
value of the latter two cakes is available, the biological value of groundnut cake 
protein for young rats has been reported by some workers. The recorded values 
are : 68 per cent at 8 per cent level [Mitchell ci al., 1936]; 57 per cent at 10 per cent 
level [Swaminathan, 1937] and 72 per cent at 9 per cent level [Smuts and Malan, 
1938]. 

SUMMAEY 

The biological values and the true digestibility coefficients of tlie proteins of 
certain rations composed of wheat straw and three important oilcakes were determin- 
ed on adult cattle. 

The biological value results were : ^ 

{a) At 9 per cent protein level : 

Wheat straw (W. S.) plus groundnut cake (G.N.C.), 41. 3 per cent ; W.S. 
plus colza cake (O.C.), 48*3 per cent. The difference between the 
two figures was statistically significant. 

(6) At 6 per cent protein level : 

W.S. plus G.N.C., 59*3 per cent; W.S. plus C.C., 65*6 per cemt ; W.S. plus 
mustard cake, 66*3 per cent. Statistically the groundnut calfo 
combination had the lowest value. 
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The average tree digestibility f ^ wHolhosfonhc 

were respectively 87-8 per oeat “<^^37 S ^ Ztemt. These results imlica c- that,, 

" «o si^^oaat « “ 
hioftgS^Crwfs L^TSeT^^iV^e or bre«l of cattle ,.cd. 
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STUDIES ON THE BIOLOGIGAL VALUE OF PROTEINS OF 
SOME COMMON FEEDS 


II. BIOLOGICAL VALUE OF THE PROTEINS OF PADDY AND OAT STRAWS 
IN COMBINATION WITH SOME COMMON OIL CAKES 

By N. D. Kehar and R. Mukherjee, Animal Nutrition Section, Indian Veterinary 
Besearcli Institute, Izatnagar 

(Received for publication on 5 March 1949) 

S INCE paddy straw is extensively used as roughage in India, investigations 
were undertaken to find out tlie biological value of the protein content of rations 
consisting of paddy straw and some common oil cakes namely, colza and mustard. 
Unlike other straws, oat straw is relished by sheep as well as cattle, hence observa- 
tions were made on oat straw in combination with groundnut and colza cakes. In 
the oat straw experiment, parallel observations were simultaneously made on sheep 
and bullocks. • 

Experimental 

The procedure adopted was the same as given in Part I of the present Beries 
[Mukherjce and Kehar, 1949«]. The endogenous urinary nitrogen for sheep was, 
calculated to be 0‘()3 gm. per kg. body weight [the figure being 0*0333 gm. according 
to Harris and Mitchell, 1941] and metabolic faecal nitrogen was computed by the 
graphical method [Mukherjee apd Kehar, 1949c]. The ration consisted of paddy 
straw or oat straw together with a concentrate mixture to provide a protein level of 
nine per cent in the case of paddy straw and eight per cent for oaf straw. The 
composition of the concentrate mixture in paddy straw experiment was the same as 
used in the case of our wheat straw experiments. But in observations on oat straw, 
the concentrate mixture containing groundnut cake was brought down to the level 
of colza cake protein by adding starch. The concentrate mixture containing ground- 
nut cake which was used with oat straw consisted of groundnut cake (82 parts) 
starch (15 parts), calcium carbonate (1*5 parts) and sodium chloride (1-6 parts). 
Tlie colza cake and mustard cake mixtures contained 97 parts of either of these cakes 
together with calcium carbonate and sodium chloride (1*6 parts each). 

Results and discussions 

(a) Experiment 1. Observations on paddy straw fed with colza or mustard cahe 

The intake of total nitrogen and net energy as shown in Table I, was slightly 
higher in the colza cake group as compared with mustard cake group. 

H 
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■ ■■ ■ ■ ■ ■ ■ '-Table I . , ■ ■■ ■ . 

Biological value and digestibility coefficient of tile proteins of two oilcakes ])lus paddy 

stmw in cattle at 9 per cent protein level, 

(M etabolism data on daily basis) 


Bullock 

number 


Average 
body 
weig]it= 
W (lb.) 


Food 

dry 

matter 

intake 

(gm.) 


FoodN 

Faecal 


itougli- 

Concen- 

dry- 

matter 

F.D. 

ago 

trate 

1 =F.D. 

0* 73 

(gm.) 

{gi»-) 

(gm.) 

W 


Nutrient intake* 
per 1000 lb. botly weight 


Starch 

equi- 

valentf 

(lb.) 


Digestible pro- 
tein 
(lb.) 


Colza cake ration 


L 1 

Ha 8 

Ha 11 

L 6 

Ha fl 

Ha 13 1 

804 

1072 

080 

784 

1084 

956 

5706 

8397 

7242 

4893 

8170 1 
: 6758 1 

22-4 

32-8 

28-3 

Mnata 

1 19-.5 

32-2 

■ . 26-1 1 

56-6 

84-7 

75-0 1 

rd cake i 

1 49-3 

79-9 
68-1 1 

2356 

3258 

3226 

'tttion 

2238 

' 3251 

1 2486 1 

17-8 

20-0 

21-2 , 

1 17-2 

19-8 

16-6 

6-1 

0-1 

5- 7 ! 

I 4-5 

6- 9 

' 5-4 

[ 0-74 

0-96 

! 0*89 

1 0-64 

! 0-90 

0-89 

Bullock 

number 

Food N , 
(total) 

(gm.) 

Faecal N 

Urinary N 

[ ■ 

Nbal- 

anco 

(gm.) 

1 " 1 

Biologi- 
cal 
value 
per cent 

I Digestibility 
coefficient 

Total 

(gm.) 

Metabo- 

lic 

(gm.) 

Total 

(gm.) 

Endo- 

genous 

(gm.) 

True 

Appawmt 




Colza cake ration 





L 1 

78*0 

32-3 

18-7 

32-4 

7-3 

-1-13-3 

Gl-0 

82-6 

58-6 

Ha 8 

117-8 

43-9 

24-4 

46-6 

9-7 

-j-27-1 

L62-4 

83-4 

62-6 

Ha 11 j 

103-3 

40-2 

23-9 

41-2 

8-9 

-1-21-9 

62-9 

84-2 

6M 

Average 

99-6 









I 






62-1 

83-4 

60-8 




Mustard cake r 

alion 





L 5 

1 68-S 

29-8 

1 

24-9 

7-1 

j +14-1 

68-7 

82-7 

66-9 

Ha 5 

112-1 

43-1 

1 24-3 

40-6 

9-8 

+28-4 

67-0 

83-2 

61-6 

Ha 13 

94-2 

31-5 

19-2 

35-7 

1 8-7 1 


67-0 

87-0 

66-6 

Average 

91-6 

, 




1 +27-0 1 

— —I 





1 





67-6 

84-3 

61-3 


..... tu wio power ot the body weight 

77 p„ „nt and 
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Inspite of biglier energy intake on tke.colza cake ration, the biological value of its 
protein (average 62*1 per cent) was lower than tbat of tbe mustard cake ration (ave- 
rage 67*6 per cent). Tlie difference in biological value was statistically significant. 
Mukherjee and Kebar [1949a] pointed out tbat wben colza and mustard cakes were 
fed witk wheat straw as roughage the biological values were identical. The explana- 
tion of this unexpectedly high value for the mustard cake ration probably lies in the 
existence of a marked supplementary relationship between the proteins of paddy 
straw and mustard cake. The digestibility coefficients of the protein of the two 
rations were, however, similar. 

Table II 


Biological value and digestibility co^cient of the proteins of two oil calces^ plus oat 
straw in cattle at 8 per cent protein level 

(Metabolism data on daily basis) 


Bullock 

number 

Average 

body 

wt.=W 

(lb.) 

Eood 

dry 

matter 

intake 

Food N 

Faecal 

dry 

matter 

^F.D. 

(gm.) 

F. D. 

0-73 

W 

NTutrient intakef per 1000 lb. 
body weight 

Rough- 

age 

(gm.) 

Concen- 

trate 

(goi-) 

Starch 

equi- 

valentt 

(lb.) 

Digestible 

protein 

1 (lb.) 

1 





Grou 

1 

ce ration 




K 

61 

240 

1932 

9*4 

17-2 

807 

14-7 

1 4*3 

0-61 

K 

240 

330 

2438 

11-8 

22-0 

1127 

15-4 

4-1 

0-58 

K 

408 1 

350 

2157 

i 

10-2 

22-6 

703 

9-6 

3*8 

0-68 





Colza 

cahe ration 




'K 

334 

230 

1927 

7-5 

15-3 

930 

17*5 

4-4 ' 

0-44 

K 

39 

398 

2428 

9-2 

23-3 

972 

12-0 

3-S 

0-49 

K 

193 

316 

2701 

10-7 

19-3 

1090 

16-0 

4-7 

0-47 

K 

61 

246 

1962 

7‘6 

16-3 

782 

13-7 

4*2 

0-49 


*Staroli wati added in tlie groundnut cake ration for equalizing the protein content of the 
concentrates. 

■j Calcidated according to 0-7fJ power of the body weight. 

t Assuming the starch value of straw, cake and starch to ho 36 per cent, 77 per cent and 77 
percent respectively on dry matter basis. 
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Table ll—contd. 


Bullock 

number 

N 

intake 
per 
1000 
lb. body 
weightf 
(gm.) 

Faecal N 

Urinary N 

i -N :■ 

Balance 
. per 
1000 
lb. body 
weigh t^i* 
(gni.) 

Biolo- 

gical 

value 

])ig{!.stibility 

ooeiiieieiit 

Total 

Metabo- 

lic 

(gm.) 

Total 

(gm.-) 

Endo- 

genous 

(gm.) 

True 

Appsi-- 

reiit 




1 6Voi 

mdnut cai 

6e ration 



!■■■ 

1 

K 61 

1 75-0 

Il-O 

6-6! 

8*6 

2-2 

+ 19-7 

71-2 

83-5 

f .58-6 

K 240 

73-0 

144 

94 1 

15-0 

. ■ .3*2 

+ 10-(i 

59-4 

84-6 

58- 1 

K 408 

69-7 

9-7 

6-9 1 

li)-6 

■■ 3-2 

-f 1.5-9 

.58-7 

91-.5 

704 

Ai;eragfe 

72-6 




i ■ ■■■■ ■■ 

+ 1.54 

63-1 ; 

1 

8{5-0 

j 62-4 




Ootsa calcs ration 





K 334 

(>6-7 

12-0 

74 

8-0 

2-1 

+ (i-7 

(i4-S 

79-8 

47-4 

K 39 

62-2 

14-0 

8-9 

74 

3-0 

-[-21-8 

87-2 

84-3 

.56-9 

K 193 

684 

15*0 

8-8 

104 

2-9 

+ 10-5 

6H-,5 

79-3 

,50-0 

K 61 

65-0 

10>7 

6-8 

7-2 1 

2‘2 

+ 16-3 

7.5-0 

' 83-7 

.5.5-2 

Averagfe 

05-6 




1 

+ 13-8 

73-9 

81-8 

.52-4 


*Calculated according to 0"73 power of tho body weighty 


(6) Experiment 2. Observations on oat straio fed with groundnut atlce or 
colza cake to cattle 

Table II shows the nitiogen metabolism data of Kumaiin IjuIIocIus fed uii oat 
straw together with a coacentrate mixture containing either colza cake or ground- 
nut cake. The energy intake was similar on both rations but tlio protein level ivas 
somewhat lower on the colza cake ration. The average biological value was higiier 
in the latter cake (average 73-9 per cent for colza cake ration as compared witli G3-1 
per cent for groundnut cake ration) but this difference, although large, was not 
statistically significant (calculated value of ^=1*60, tabular value of t at 5 ])cr cent 
level of significance=2'57) ; the variation in the individual values was wide, in botli 
cases. The difference in the true digestibility ^vas also not stati.stically signihcant. 

(c) Experiments 2 (6). Observations on oat straw fed with groundn,ut or colza cake to sheep 

In this experiment the individual variation in the biological value on tlu; sani(‘ 
lation (vide Table III) was very high. The average biological values were 48-4 
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Table III 

Biological value and digestibilitg coefficient of the 'proteins of two oilcahes’'' jdus oat 

straw in sheep at 8 per cent protein level 


(Metabolism data on daily basis) 


Sheep 

number 

Average 

body 

weight 

, -W. „ 

(lb.) 

Food 
dry 
matter 
intake . 

(gm.) 

Food N 

Faecal 

dry 

matter 

==F.D. 

(gm.) 

F.I). 

Nutrient intaket 
per 1000 lb. body 

Eough- 

age 

Concen- 

trate 

(gm.) 

Starch 
equi- 
valent J 

(lb.) 

Digestible 

protein 

(lb.) 

0*73 

W 

(gm.) 




Groundnut cake ration 




■ 1 ■ 1 

39 j 

541 ! 

2-63 

4*83 ; 

229 

15*3 

4*4 

0*03 

■■ "2 ■ 

37 

384 

1-76 

4*56 

207 

13*8 

3*3 

0*51 

3 

40 

637 

2-08 

4*53 

227 

15*1 

4*4 

0*51 

4 

40 

500 

1-96 

4*28 1 

190 

13*1 

4*1 i 

3*49 




Colza cake ration 




5 

36 

493 

1-90 

4*32 

197 

14*4 

4*4 

' 0-54 

6 

32 

374 

1-35 

4*30 

145 

11*7 

4*0 

0-59 

7 

28 

348 

1*30 

3*55 

158 

13*9 

3*9 

0-49 i 

8 

65 

655 

2*50 

5*33 

255 

13*5 

4*2 

0*50 



N 

intake 

per 

Faecal N 

1 ' 

j Urinary N | 

N 


Digestibility 

ooellieient 

Sheep 

Total 

Metabo- 

Total 

Endo- 

Balance 

per 

Biolo- 1 
gical 

dirue 

Appa- 

rent 

number 

1000 lb. 
body 
woightf 

(gm.) 

(gm.) 

lie 

(gm.) 1 

(g“*) 1 

genous 

(gm.) ! 

1000 lb. 
body 
weightf 
(gm.) 

vahio 




Qroundmit cake raiion 


1 1 

3 

4 

77*1 

65-3 

68*2 

64*5 

3*00 

2*77 

3-00 

2*80 

1*87 1 
1*80 
1*87 j 
. 1*72 

4*47 

2*99 

3*65 

2*64 

0-.54 

0-51 

0*54 

0*54 

— 0*1 
+ 5*8 
-- 1-0 
+ 8*3 

37*9 

53*0 

42*0 

59*3 

84*9 

84*7 

82*0 

82*7 

69 -S 

56*2 

53*7 

55*1 

Average 

68*8 




i 

+ 3*2 1 

48*4 

83-0 

' 50-2 




Colza cake ration 





5 

70-4 

2*73 

1*04 

3*00 

0-49 

4 - 5*0 

i 51*1 

82*5 

5(>' 1 

6 

70-6 

2*20 

1*30 

1*87 

0*43 

+ 19*8 

09-7 

84-1 

01*0 

■ " 7 

05 '9 . 

2*23 

1-.37 

2*04 

0 * 3 S 

+ 7*9 

58 •4 

. 82*3 

r.-M) 

8 

04*7 

3*42 

2*17 

1*97 

0*75 

- 1 - 20*5 

8 : i -0 

S .|*2 

56-7 

Average j 

07*9 





- 1 - 13-4 

05*2 

83-3 

50-9 


Foot notes — Same as in Table II 
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per cent for oat straw plus groundnut cake and 65-2 per cent for oat straw plus 
colza cake, the dilference heing barely significant (calculated value of «=2'03, tabular 
t at 6 per cent level=2-45). The net energy intake and protein level were, liowevcr, 
identical in both cases. The individual variation in the true digestibility coellicients 
was negligible and the figures were similar on the two rations. 

{i) Gom.'parison of tho biological value and digestibility results on cattle and sheep 

From the data given m Tables 11 and III it appears that the average figures of 
the biological value of both groundnut cake and colza cake rations are higher in 
cattle. Statistically, however, the difference is barely significant on the former 
ration (average biological value on cattle=63*l per cent, average biological value on 
sheep=48*4 per cent ; calculated value of i=2*19, tabular t at 6 per cent level= 
2*67) and insignificant in the latter case (average biological value on cattle— 73*9 per 
cent, average biological value on sheep=66'2 per cent; calculated 1*05, tabular i at 
5 per cent level=2*45). These results seem to suggest that there is a slight tendency 
for the absorbed nitrogen to be utilized more efficiently by cattle than by sheep for 
maintenance purposes. It may, however, be mentioned here that no experimental 
data are available in the literature on the biological value of the same ration for 
cattle and sheep, although it is generally assumed that all ruminants behave alike 
in utilizing the digested nitrogen. 

The true digestibility figures given in Tables 11 and III indicate that the two 
species of animals digest dietary protein to about the same extent. No published 
data appear to be available regarding the true digestibility coefficient of feed proteins 
determined by parallel experiments on cattle and sheep. Some articles giving such 
figures for apparent digestibility have, however, been recorded. Some of these 
observations indicate that the two species do not differ in their digestive capacity 
[Axelsson, 1942 ; Sears et aL, 1942], while other evidences [Forbes et al., 1937, 
Wolberg et at, 1940] show that sheep digest feed protein more efficiently than cattle. 

(e) Comparative study of the biological value and trm digestibility of the proteins 
of the straws of wheat, paddy and oats 

In Table IV relevant observations have been rearranged so as to facilitate com- 
parison. The data included here have been taken from Tables I and II and also 
from the first paper of this Series [Mukherjee and Kehar 1949a]. The true digesti- 
bility figures have not been included in the Table, since the figures vary within a 
narrow limit, viz. 82 per cent to 88 per cent) and no significant difference exists 
between them. Table IV shows that oat straw is appreciably superior to wheat 
straw, when fed either with groundnut cake or colza cake. Paddy straw also appears 
to be significantly better than wheat straw when consumed in combination with 
colza cake ; but this effect may be partly or wholly due to the comparatively high 
caloric intake in the paddy straw experiment since in all other experiments the 
energy intake was maintained at a lower level (vide Table IV). 

The biological values (viz. 62 to 74 per cent) of the proteins of the oat straw and 
paddy straw rations referred to in Table IV compare favourably with those 
(65 per cent and 71 per cent) for adult cattle [Morris, 1935] of similar rations in which 
oat straw was used in comhmation with maize germ meal and rye flour respectively. 
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Working on growing lambs, Turk et al, [1934] found the biological value of red clover 
hay and alfalfa hay (with corn or starch) to be about 80 per cent at 10 per cent 
protein level ; but other workers [Miller and Morrison, 1939 ; Miller et al., 1937 ; 
Johnson et al., 1942] give a lower value, viz. 56 to 64 per cent for alfalfa hay, iimothj 
hay and red top hay (in combination with concentrates such as corn, soyabean meal 
and linseed meal) at 10-12 per cent protein level. No information appears to be 
available in literature regarding the biological value of the proteins of rations having 
wheat straw and paddy straw as the roughage component. Snell et al. [1945]. 
however, report that in a fattening ration for steers, paddy straw is more economical 
than hay alone ; this probably indicates that paddy straw protein is of good quality. 
Table IV 


Oomparative study of the biological value of wheat, oat and faddy straws 


Ration 

Biological value 
per cent 

Statistical 
significance 
of difference 
between pairs 

Roughage 

Oilcake 

Protein 
level 
per cent 

Starch 
equivalent 
intake lb.* 
per 1000 lb. 
body weight. 

Mean 

S.E.f 


A. Wheat straw 

Groundnut 

8-5 

4*1 

41-5 

0-7 


B, Oat straw 


9-0 

4*1 

63-1 

4*1 

A,B« 

Highly 

significant 

0. Wheat straw 

Colza 

9-3 

4-2 

48-3 

2-2 


D. Paddy straw 


8-7 

5*6 

02-1 

0-0 

0,0= 

Highly 

significant 

E. Oat straw 


7*0 

4-3 

73-9 

4-9 

0, ,E= . 
Highly 
significant 


*Caloulated on the basis of the 0*73 power of the body weight 
f Standard error 


Summary 

The average biological values of the proteins of paddy straw in combination with 
colza cake and mustard cake as determined on cattle were 62 per cent and 68 per cent. 
Parallel experiments conducted on cattle and sheep gave the average values for oat 
straw plus groundnut cake as 63 per cent and 48 per cent respectively ; the corres- 
ponding values of the colza cake combination were 74 per cent and 65 per cent 
respectively. The true digestibility of the proteins of these rations varied within 
a narrow limit, viz. 82 per cent to 86 per cent. Statistical analysis of the data shows 
that the protein of oat straw rations was superior to that of the corresponding wheat 
straw diets. Paddy straw protein, too, is considered to be of good quality. 
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FMBDINO VALUE OF SUOABOANB TOPS . . . ■ ^ 

My N. 0. Das Gupta, S, P. Srivastava and J. S, Saxbna, .Animal Nijt,ritioD Research 
Station, Bharari, Jhaasi, United Proviaoea 

(Keceived for publication on 10 January 1949) 

I T has been estimated* that in India an area of about 4,234 thousand acres 
was under sugarcane during the year 1943-44. If the average yield is taken 
as 12-96 tons per acre [Dutt, 1946], the total yield of sugarcane is expected 
to be 54,880 thousand tons per year. The amount of sugarcane tops will be 0,098 
thousand tons on the basis that the tops weigh one-ninth of the cane. With common 
cultivated grasses, it would require about 833 thousand acres to produce the .same 
amount of green fodder, if the yield per acre is taken as 7-32 tons (200 mauuds), 
the average figure iorjowar fodder {Sot'ghum mlgare). According to Wright [1937], 
the total acreage under fodder crops in India including areas now under Paldstan, 
during 1935 was 10,200 thousand acres. Thus, it will be seen that the amount of 
green forage available as sugarcane toi)s is equivalent to the produce of about one- 
twelfth of the area under fodder crops. 

For the United Provinces where the acreage under sugarcane is nearly 60 per 
cent of the total area in India, the question of utilization of sugarcane tops is of great 
importance. It is expected that 2,240 thousand acres*, the area under sugarcane 
in this province, can produce 3,225 thousand tons of tops. It will require 440’5 
thousand acres under to produce this amount of green fodder, whereas, the 
total area under fodder crops infbhis province is only 1,604 thousand acres, 3*0 
times more than the area equivalent to the amount of sugarcane tops. 

Though there is scarcity of green fodder in the country, sugarcane tops are not 
properly utilized as cattle feed and instead, a major portion is burnt as fuel during 
gw (raw sugar) manufacture. Ignorance of its feeding value may be the main 
cause of such wastage. Practically no information is available about the nutritive 
value of sugarcane tops. The Department of Agriculture-United States, in Circular 
No. 284 recommended tops and leaves of common sugarcane as a satisfactory forage 
for livestock. Morrison [1936] has recorded the analysis of one sample of sugarcane 
tops but the digestion coefficient of the nutrients were not available. Therefore, 
experiments were conducted with the object in view that the knowledge of the 
feeding value of sugarcane tops might help the growers to make its economic use , 
Experimental 

To study the value of sugarcane tops as forage, tests were carried out with cane 
Co. 312 at ]\ladliurikuud Cattle Farm, Mathura. 

Composition 

The collection oJ’ weekly sample of sugarcane tops was started ironi J, .February, 
1946 when the (-rop was ripe and it continued till the third week of April. The 
dried samples were sent to .Blmrari, Jliansi, wIku-c- Uk.*, rtipresentative samples lor 

* Estimate of area and yield of principal crops in India, 1941-42, 1942-4,‘l and 194S-44, Ikjml- 
mminf (Jommercial Intellvjeme- aud ShdifiticH, Induu 
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Table I 

Per cent omifipositicfth 

On dry basis 


IVTatora) 

1 February io 7 
S iTareb to U April 
H April to 22 Ajiril 

Morrison’s figui^e 

Jow»r fodder 

Rhiivari ..fhausi, average, 

prime to mature. Septem- 
ber to ^November 

Etawali average, prinre to 
mature September to 
November 

Madhurikuud (mature) Xo- 
vember _ 

Napier grass 

Rbarari, -fbausi, avera.ge, 

September to Novembe, 

EtiuvaU, average. RoptiaU' 
her to November 

jMuu'ita"! (5toW»»l 

November I > — — 

s: r*. a™ ™ii.i.A..i M,... i».o AW. 



2S-J0 

8G'i:i 

, s-sn 

i-i;i 

30-91 ' 

1 

Sl)*2d 1 


1-03 

3o-63 

:io-bO 1 

' i i 

i 


*:54-IO 

87-08 i 

2-78 1 

1-36 

j 32-87 
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been included. Tbe composition shows that there may not be much difference in 
the nutritive value of the three forages. 

Digestible NUTRIENTS 

To find out the digestible nutrients of sugarcane tops, test was carried 

out with three Hariana cows for a period of nine days towards the end of a feeding 
test. The cows were fed sugarcane tops ad lib. and linseed cake to supplement 
protein. The average daily consumption of different feeds by an animal is shown 
in Table IT. The composition of the feeds and faeces during the digestion test 
has been recorded in Table III, The digestion coefficients obtained for the mixed 
ration of sugarcane tops and linseed cake and also the calculated coefficients arrived 
at for sugarcane tops have been shown in Table IV. 

Table II 


Average daily intaJce of feeds and excretion of faeces on dry basis 


Cow numter 

1 

j 969 

74 

Feeds 

Average 
consump- 
tion 
per day 

1 

Average 
faeces 
per day 

Average i 
consump- i 
tion 1 
! per day 

Average 
faeces 
per day 

Average 
consump- 
tion 
per day 

1 

Average 
faeces 
per day 

Sugarcane tops 

9640-0 


9597-0 


10231-0 


Linseed cake 

722-8 


722-8 


722-8 


Total 

10362-8 j 

3438 

10319-8 

3184 

10953-8 

3313 


Table III 

Composition of feeds and faeces on dry basis 


— 

Organic 

matter 

Protein 

Pat 

Fibre 

N. F. E, 

Sugarcane tops 

I 87-6 

4-5 

3-1 

31-9 

48-0 

Linseed cake 

90-6 

1 35-6 

. 2-4 

8-4 

44-3 

Faeces of 132 

81-6 

6-4 

2-0 i 

26-9 

47-3 

„ 969 

81-2 

7-4 

2-2 

25-2 

46-4 

„ 74 

80-7 

7-0 

2-3 

25-8 

45-8 


K 
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Table IV 

Digestim coeii^Mofmtrk»ls _ 


[Vo\. XIX, 


Particulars 


Organic Protein 
matter 


Bthor 

extract 




Sv^garmne tops d<yr^^ 


Elephant grass *• «l ■ 

69 58 

Guinea grass , , 69 60 

58 

Jotrar ^ 70 

The approximate liveweights ^.ake was 1*38, 1*38 and 

respectively and hence the daily ry . ^ f.QWS with poor milk yield. 

per^lOO Ih. liveweight, which ™ ^ ^ere th main source of dry matter, 
This shows that the sugarcane tops, which were 

were relished by the cows. t obtained with the 

There was not much variation in i p^j^,^4ient8 of sugarcane tops 

three animals. In Table IV gen fl938] for some cultivated 

has also been compared with the data recorded y I • better digested 
fodders. It is observed that the nutrients of . Elephant grass and Guinea 
Ian the common forage .W " di^i^de nutrients 

grass. Tor better comparison of their tcedmgvai , 

li these forages have been tabulated m . ' average, 39-87 per cent 

The tops used for the digestion test confined on an avmge^^ 
iii,w TOftttjer "WlieR- calculated on dry basis, S ' . -,,,^0 Tbo digestion 

nSrientB were 3-21 (or protein “Xoteld^rfefthe niontb of April wl.en tbo 
test mth the sugarcane tops was J^^er-ripe Co. 312 cane are nearly 

” .i«»% *>■ 

grass, Guinea grass and jowar. 
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Table y 

Digestible nutrients per 100 lb. dry material (lb.) 


. : — .. . 

Crude 

protein 

Ether 

extract 

Carbohy- 

drates 

Total diges- 
tible nutri- 
ents 

Sugarcane tops 

•1 

3‘21 

2-35 

68-2& 

66-76 

Elephant grass 

3*85 

1-33 

48-54 

66-39 

Guinea grass 

4-05 

0-70 

45-96 

51-59 

Jowar (prime) 

2-55 

0-70 

60*79 

54-91 

Maize 

4-44 

M6 

61-01 

68-02 


Feeding test with sugarcane tops ■ 

From February onward vstock owners usually feed straws along with some oil- 
cake or concentrate to their animals. Hence, to study the effect of sugarcane 
tops on milk yield and also to determine the saving in concentrate in the usual straw 
and cake ration when sugarcane tops were fed, test was conducted at Madhurikund 
Cattle Farm with six Hariana cows. The animals were fed dub grass {Cyanodon 
dactylon) hay and linseed cake during the pre-experimental period. They were 
divided into comparable groups of three each after the preliminary feeding. The 
treatments, (i) linseed cake to supplement the required protein along with wheat 
straw and (ii) sugarcane tops and half the amount of linseed cake necessary to provide 
protein if the animals had been on wheat straw, were tried in a switch over design. 
The group receiving wheat straw in the first cycle was fed sugarcane tops in the 
second and vice versa. Each period lasted for 35 days. Both straws and tops were 
fed ad lib. Usually no digestible protein is available from wheat straw, whereas, 
it was expected that sugarcane tops will provide about 3 per cent digestible protein 
on dry basis and that the amount of tops consumed might provide nearly half the 
protein required for the animals. The animals when on wheat straw, wore provided 
with 500 gm. sugarcane tops for supplementing vitamin. All the animals were 
given 20 gm. salt per head per day. 

Milk pkoduction as inpi.uenoed by the treatments 

The production of milk during the pre-experimental period and also during both 
the cycles of the experiment has been recorded in Table VI. 

K 2 
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Table VI 


Milk f foductimi as inimnced hy sugarcane tops (Ih.) 


Animal 

number 

953 

316 

79 

Total 

per 

day 

262 

132 

909 

Total 

pf3r 

day 




Prelimimry period 




Weeks 


Cake with grass hay 


Cake with grass hay 


1 

8-1 

7-7 

6-0 

21-8 

7-7 

7-0 

8-7 

24-0 

■2 

7-6 

64 

6-8 

19-7 

0-8 

7*6 

7-7 

21-7 

3 

74 

6-9 

6-2 

18-5 

6-0 

7-6 

74 

20-9 

4 

7-2 

4-6 

5-2 

17-0 

6-0 

7-7 

7-4 

211 




Expe 

rimenial pt 

'Hod 




First cycle Reduced cake with sugarcane 

Full cake with wheat straw 





tops 






1 

7-6 

6-7 1 

6-4 1 

19-7 1 

2-8 

7-7 

7-3 

17-8 

2 

7-6 

. ■■ 6-2 

6-7 - ' 

■ 20-6. 

2-6 : 

8-2 

7-1 

17-9 

3 

7-4 

6-1 

6-8 

20-3 

31 

7-8 

7-1 

18-0 

4 

7-3 

6-5 

6-2 

19-0 

3-0 

74 

6-6 

10-9 

5 

7-4 

6-0 

6-7 

20-1 

3-2 

7-2 

7-1 

17-6 


Second cycle 

Full cake wit] 

li wheat straw 

Reduced oako with 

sugarcane tops 

6 

7-0 

6-7 

6-9 

19-6 

2-0 

6-9 

7-2 

16*7 

7 

6-6 

6-1 

6-6 

19-3 

3-3 

6-8 

6-7 

16-8 

8 

6-2 

6-1 

6-9 

17-2 

6-0 

7-2 

6-8 

19-0 

9 

6-1 

6-3 

5-6 

17-0 

6-6 

7-6 

7-0 

20-2 

10 

6-4 

4-7 

4-1 

16-2 

6-3 

7-0 

6-7 

19-0 


The grass hay fed was not of inferior quality but Table VI above shows that 
there was a definite increase in the milk yield when the ration was changed from 
grass hay to sugarcane top with reduced oilcake and a marked decrease when the 
change was to the full amount of cake to supplement protein with wheat straw. 
But the effect of the change from one experimental ration to the other and mce 
;! versa was not in the same order with all the animals. 

If the first week of the each cycle is not taken into account, to avoid the residual: 
: ‘ effect, it is found that all the six animals produced, during the last four weeks of the 
! ^ treatment, 1,084 lb. milk with sugarcane tops and reduced cake and 973 lb. with 
full cake and wheat straw. The millc yield figures indicate that club grass hay and 
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full linseed cake is inferior to sugarcane tops and, kalf linseed cake, but superior to 
wheat straw and full linseed cake. 

The data were analyzed statistically and it was found that the average milk 
yield per bead was 6-5 lb. with sugarcane tops as compared to 5-8 lb. with the other 
treatment. But, the difference was not significant when compared to the varia- 
tions due to individuality. 

Fat content of milk 

Fat was estimated for three consecutive days, both morning and evening, 
towards the end of each cycle. The data have been summarized in Table VII. 


Tabde VII 


Fat percentage of milk 


The average percentage of fat in milk was 5*4 with sugarcane tops and 5*6 with 
wheat straw. The difference was not significant, more so, when the yield of milk 
is taken into accounts as percentage of fat increases with the decrease in milk yield 
independent of the effect of food. 

Milk yield as influenced by the digestible nutrients 

The consumption of food on dry basis was much higher when the animals were 
having sugarcane tops, which may be attributed to its palatability. The averag e 
consumption of feeds per head per day was as follows : 


— 

Wheat straw 

Sugarcane tops 

Linseed oake 

Total dry 
matter 


Ih. 

lb. 

lb. 

lb. 

Eeduced cake and sugarcane top 
treatment 


16-9 

14 

18-3 

Full eake and wheat straw treat- 
ment 

10-8 

0*3 

2'9 

14>0 


Brand number 

953 

316 

79 

969 

132 

262 

Average of 
period 

preliminary 

Grass hay and cake 

6-2 1 4-2 1 4-3 

Grass hay and cake 

4-8 1 4-3 1 4-6 

Average of 

experimental 

Reduced cake and sugarcane 

Full cake and wheat straw 

period 



tops 







6-0 

6-8 

4-7 

6.1 1 

6-0 1 

6-0 



Full 

Cake and 


Reduced oake and 

sugarcane 



wheat 

straw 



tops 




6-7 

6-0 

6-6 

6-7 1 

6-4 j 

6-0 
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Consumption o£ about 4-3 lb. more dry teTato Sw tbe 
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aycrage coefficients obtained are recorded m lable 

TiBLE VIII 

Per cent OgeslMUy of nutrients 


— 1 — 

Protein 

Ether extract 

Eibre 

N. F. K 

Sugarcane top total ration 

Wheat straw total ration 

• ^ ' 

67-8 

76-1 

77-0 

74-5 

73-7 

67-8 

72-0 

69-2 

Sugarcane top 

.56-9 



76-0 

73-9 



Tbe digestibility of fibre and aue to tbe bigber diges- 

of protein lower m tbe „^;,.a„e tops as compared to straw and lower 

tibibty of fibre and N. F. B- V ^^Ue, wbicb was the mam 

digestibility of tbe protein as »““P“ £ treatment The digestibility of tbe sugar- 
source of digestib e pmteur ® digested from tbe cake. Botb 

cane tops was calculated by . ' . , ^ sugarcane top treatment and 

tbe inteke and digestibility was also liigbor. The 

“KJ ffigostiblf nutrients by tbe two treatments was as 
shown in Table IX. 

Table IX 

Aoerm Saiy intake of total iigesme nutrients 


Beduced cake and BUgarcane top 
treatment 

Bull cake and wheat straw treat- 
ment 


Intake 

Intake 

Intake from 
tops as vita- 
min supple- 

from 

from 

roughage 

cake 

meut 

11-40 

0-92 


6-76 

1-82 

\ ■ ■ . ' 

0-22 


Total intake 


12-32 

7-80 


Offio average daily mtake of SSX e^ wbb ^ 

as compared to 7-M j g„™reane tops provides more nutrients than 

tion of 50 pel cent oilcake, oTvmnnt of cake The total milk protlncecl was 

So" c 
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statistically significant, it can be assumed that better production will be acbievcd [ 

witli tops wbcn the quantity of concentrate necessary with straw is even halved. ; 

Economy OF FEEDING sugaecane TOP | 

The sugarcane was utilized by the farm for the preparation of raw sugar and the | 

tops were fed to the animals. Wheat straw had to be purchased frojn the neigh- ; 

bouring villages at the rate of Rs. per maund. As one of the roughages was i 

home grown and the other purchased it is not possible to compare their cost. But, : 

if the amount of the cake which is usually purchased by the stock owners is consi- ; 

dered, it is observed that for the production of 1084 lb. milk when the animals ; 

were under sugarcane top treatment, the consumption of linseed cake was 253*6 I 

ib. as against 539*5 lb. for production of 973 lb. of milk with the wheat straw ration. 

This amounts to that 23*4 lb. linseed cake supplement is required for 100 lb. milk 
yield with sugarcane tops as roughage as compared to 63*5 lb. with wheat straw. 


Summary 

Experiments to find out the digestible nutrients and the feeding value of the ; 

tops of sugarcane Co. 312 for milk yield were conducted. Hariana milch cows i 

were used for these tests. The cane was over ripe during the digestion test. I 

Sugarcane tops were fed along with some linseed cake. The digestible coefifi- ^ 

cients were calculated after deducting the digestible nutrients provided through 
oilcake. The average coefficients arrived at from three cows were 57, 76, 74 and |‘ 

72 for protein, ether extract, fibre and N-free-extract respectively. The tops used I 

for the digestion test contained, on an average, 39*9 per cent dry matter. When t 

calculated on dry basis, the figures for digestible nutrients obtained were 3*2, 2-4, s 

68*3 and 66*8 per cent for protein, ether extract, carbohydrates and total digestible j 

nutrients respectively. I 

The efiFect of feeding sugarcane tops on milk yield was studied with six animals [ 

for a period of 35 days. The results show that the niiUc yield is quite satisfactory | 

even when the amount of oilcake supplement necessary with wheat straw is re- I 

duced, by 50 per cent while feeding the sugarcane tops. | 
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DETECTION OF ADULTERATION OF GHEE (BUTTER »FAT} 

LINOLEIC ACID CONTENT OE QHEE AND FATTY ACID COMPOSITION OF 
BUFFALO GHEE 

By T. A, -Venkitasubramanian and B. N. Banerjee, Department of Biocliemistry, 
Indian Institute of Science, Bangalore 

(Eeceived for publication on 2 September 1948) 

A STUDY [AcFaya and Banerjee, 1916] of the fatty acid constitution of typical 
Indian bnlfalo ghees revealed that the only figure which had a definite value 
of detecting adulteration was the content of linoleic acid. This varied in genuine 
ghee to a small degree, but the percentage of the acid in all the ghees was of the order 
of 1-5 per cent. The percentage of this acid in some oils, which are used both for 
feeding animals and for direct adulteration of ghee, is as follows : Groundnut oil, 
20-0 ; cottonseed oil, 48-0 ; coconut oil, 1’5 ; and hydrogenated groundnut oil 
(I. V., 60) consistency akin to that of ghee 10-0. Genuine ghee is very poor in linoleic 
acid compared to these oils and hydrogenated products; even 10 per cent adul- 
teration would cause the content of this acid to shoot-up from 1-6 per cent to a very 
high figure except for coconut oil which fortunately can be detected even in fairly 
small amounts by the Reichert Polenske figures. It is necessary to study thoroughly 
the linoleic acid contents of various types of ghees which cover the limits of natural 
variations due to breed, feed, season, etc. Unless it is proved and confirmed from 
extensive number of samples that linoleic acid content in genuine ghee is never more 
than two per cent it cannot be recommended as a legal standard. 

The effects of feed on ghee are well known. It is known that due to oilseed or 
cake feeding, ghee constants are altered. Taking advantage of this, adulterated 
ghee whose constants are abnormal is passed off as resulting from such feeding. 
Thus, a person mixes ghee with hydrogenated cotton seed oil or groundnut oil and 
claims that the alteration or abnormality is due to cotton seed or groundnut cake 
feeding. Cotton seed is the only oil seed that is fed whole and others are fed as 
oilcakes. Again cotton seed feeding produces sub-normal constants of ghee, 
A detailed examination of buffalo ghee and body fat has shown that fortunately the 
linoleic acid of cotton seed and other oils is not absorbed to any extent in the butter 
fat. If iodine and thiocyanogen values of ghee bx& determined, the linoleic acid of 
ghee can be determined. Now, if hydrogenated cotton seed groundnut oil is added, 
the linoleic acid is bound to be more than two per cent which is not the case 
with natural 

There are three exclusive cotton seed areas, the Central Provinces, Gujerat and 
Kathiawar. Genuine samples were collected from these areas and from the cotton- 
seed areas of the Punjab, Sind, U. P., C. P. and Bombay. More than 60 per cent 
of the samples were collected in the dry and hot seasons and the remainder in other 
parts of the year. About 300 samples from such areas and 100 from other areas 
were collected. 
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Of the vegetable oils, linseed oil lias a very high iodine value, that is a high 
percentage of linoleic and linolenic acids. Animals were fed with linseed meal 
to fold oixt if such special -feeds gave rise to increase in the iociine and tliiocyanogen 
values. With the kind help of the Indian Dairy Ilcsoarch Institute, Bangalore, 
cows and buffaloes were fed linseed meal in their ration and the buttcc- fat analyzed. 
The iodine and thiocyanogen values of linseed meal fed ghmn arc given belovir : 

■ ■ Table I 


Iodine and thiocyanogen values of linseed-7nml~fed ghees 


“ 


I 1 

I R.M. 1 

P.V. 

■ ■ i.y. 

!'" ■ ■' ■ 

Thio- 

cyanogeu 

value 

1 

.Linoloic 

acid 

per oent 

Cow ghee , 

Control stock rliet 


1-8 


HIM 

1-08 


Experimental 11 week 


1-1 

.’U5-0 

m-2 

1-30 


Experimental III woelc i 

2;2-l) 

1-3 

:U)-i 

37-3 

!•;{(> 

Buffalo ghee 

Control stock diet 

SO-Oli 

2-0 

2.')'S 

2(5d) 

1-2 


Experimental II week 

28-0 

1-0 

28 - r ) 

2))-(J 

1-2 


Experimental III week 

28-0 

1-6 

2i)'0 

80-0 

M 2 


Composition of concentrate in control stock diet 

Oats 55 per cent 

Groundnut cake 20 per cent 

Wheat bran 15 per cent 

Gram husk 10 per cent 

Composition of concentrate during experitnental pericxl 
Oats (JO per cent 

Linseed '25 per cent 

Wheat bran 16 per cent • 

Kaufmann [1925j first suggested the determination of iodine and thiocyanogen 
values of fats and oils or fatty acid esters to determine oleic aifid from mixtures of 
oleic, liaoleic and linolenic acids. The method has been given a fair trial [Waterman 
and Bertram ; 1929 ; Jamieson and Baughman, 1930 ; Griffiths and Hilditch, 1931 
and Hilditch and Murthi, 1940], as doubts were expressed by some workers [Van 
der Veen, .1931 ; Smith and Chibnall, 1932], The procedure can be made satisfactory 
when carried out under controlled conditions [Hilditch and Murthi, 1940]. Moisture 
should be completely excluded from the reagents and. apparatus. Standardized 
conditions of procedure at aU stages of analysis are essential to get accurat;e an<,i 
satisfactory data. Estimations of iodine and thiocyanogen values of butter-fat 
have been found to indicate that the hnoleic acid glyceride content is practically 
constant, while the oleic glyceride is the variable factor. 
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Iodine value was determined by tbe p 3 T:idme sulphate dibromide method 
[Rosenmund and Kuhnhenn, 1924, 1925]. For the determination of thiocyanogen 
value the .^4. 0. 0. /S. method was followed. 

The following precautions are necessary for the determination of the thiocyanogen 
value. Lead thiocyanate was prepared by adding lead nitrate (33-1 gm.) dissolved 
in 70 c.G. of water to 19*4 gm. of pure potassium thiocyanate in 50 c.c. of water. 
The precipitated lead thiocyanate was filtered off and washed successively with 
water, alcohol and ether. It was dehydrated for two weeks over phosphorus 
pentoxide hr an evacuated desiccator^ Glacial acetic acid (99 per cent) was refluxed 
with 16 per cent acetic anhydride for three hours, cooled amd kept for at least a week 
before use. All the apparatus and filter paper used in the preparation of the reagent 
were dried immediately before use at 110°C. for an hour. 

Dry bromine 84 gm. was weighed into a 250 ml. graduated flask and dissolved 
in 100 c.c. of pure dry carbon tetrachloride. The flask was then filled to the mark 
with anhydrous acetic acid. In a glass stoppered bottle 26 gm. of pure dry lead 
thiocyanate were weighed and kept suspended in the prepared acetic acid for at 
least a week before use. The bromhae solution was added to the lead thiocyanate in 
small quantities at a time with vigorous shaking, taking care that decolorization was 
complete before each addition of the solution. After thorough shaking the solution 
was filtered into a dry brown glass stoppered bottle and used for the determination 
of the thiocyanogen value. 

Ghee 0*1 — 0*2 gm. was put into a 260 ml. glass stoppered flask and 25 
the thiocyanogen solution added from a pipette and allowed to stand in the dark 
for 24 hours 10 ml. of 20 per cent potassium iodide solution was then added quickly 
and shaken immediately to prevent hydrolysis of the thiocyanogen solution. Water 
100 ml. was then added and the liberated iodine titrated with standardized 0*1 N 
sodium thiosulphate, using starch as indicator. At least two blank determinations 
wore made alongside the determination on sample. 

The iodine value of oleic acid is 89*9 and that of linoleic acid, 181*14 while the 
thiocyanogen values are 89*7 and 96*7 respectively. If x is the percentage of 
oleic acid and y, the percentage of linoleic acid then, 

xx89‘9+yxm-M=:I.V, 
xx89‘7+yx 95’7=V.T, 

:.85-44y==LV,-~T.V. 

100 

y= x(/.F.~T.F.) 

85‘44 

100 

Hence, percentage of linoleic acid===-——x(/.F.-—T.F.) 

■■ 8544 . ; ■ 

The iodine and thiocyanogen values of the samples 
in Table II. 


analyzed are given 
l2 
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Table II 

Amlytical constants a/" ghee 


Serial 

No. 

Sample 

Month 

E . M . 

P . V . 

LV . 

SON.V. 

Per cout 
of iinoleie 
acid 

1 

Wardha . 


17*6 

0-6 

35-5 

34*6 

1*08 

2 



18-2 

0-8 

34-4 

32*7 

2*0 

3 



18-2 

0-8 

34-4 

33*4 

1*2 

4 


April 

16*4 

0-6 

" 35-2 

34*1 

1*32 

6 



18-0 

0-9 

36-5 

33*8 

2*0 

6 



10-7 

1>0 

28-0 

27*1 

1-0 

7- 



17-8 

0-6 

33-6 

32*4 

1*44 

8 



20-2 

1.0 

31*9 

29*3 

2*6 

9 


May 

20-9 

0-7 

28-3 

27*6 

0*84 

10 



26'0 

1*7 

30-8 

34*9 ' 

2*28 

11 



' 28-0 

2*1 

36-2 

35*1 

1-32 

12 

■ 

June 

23-9 

0«8 

31-0 

30*0 

1*2 

13 


28-0 

1-9 

35-5 

34*3 

1-44 

14 



18-5 

2*0 

38 -S 

36*9 

2*28 

U 



r 22-9 

1-7 

41-1 

40*1 

1*2 

16 


July 

1 23-2 

1*0 

39*8 

38*9 

1*08 

17 



[ 24-0 

1-6 

36-7 

36*3 

1*68 

18 



r 20-6 

2-3 

37-3 

36*0 

1*66 

19 


August 

J 19-9 

1*9 

37-2 

36*1 

1*32 

20 



[. 20 -C 

2-2 

36-8 

35*1 

2-0 

21 



r 2 S -3 

2*6 

25-9 

24*2 

2*0 

22 


September i 

J 27*8 

1-9 

29*8 

28-6 

1*60 

23 



[ 28-1 

2-0 

26*0 

24*3 

2*0 

24 



r lS-6 

2-0 

38-8 

37*0 

1-44 J 

25 



18-2 

0-7 

36-0 

34*0 

1*2 



October 






26 



17-6 

0-4 

34-6 

33*0 

1-08 

27 



1 16-9 

0*6 

36*2 

34-0 

1*44 

28 



r 18-6 

2-0 

38-8 

36-9 

2*28 



November 

1 





29 I 

1 


1 19*9 

1-8 

37-4 

36*9 

1-8 
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Table II~cow«fl5. 


of iinoloie 


Serial 

No. 


Month 


Sample 


December 


January 


February 


March 


Junagadh 


August 


September 


October 


November 



DETECTION OP ADULTERATION OF OBEE 


Table 11— cofitd. 


Per cent 
of iiiioloic 
acid 


January 


Foliniary 


August 


vSeptoml) 


October 


74 Bangalore (LD.K.L) 
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Table ll~^Gontd. 


Serial 

No.; 



r~ 





Per cent 

Sample 

j Month 


B.M. 

P.V. 

LV. 

, SCN.V. 

of linoleic 
acid 

88 

Bangalore (I. D. R. I.) 




30*4 

1 1-9 

29-0 

27*7 

1*56 


— contd. 









89 


July — mnid. 



31*0 

1*0 

32*0 

31*0 

32*7 

1*2 

i*5G 

90 




33*1 

1*2 

34-0 

■v'"9l" 





32-6 

1-3 

35*0 

34-0 

1*2 

'■■'■■'^■92. 





17-5 

1*6 

33*3 

32-1 

1-44 

93 


August 



16*9 

■ ■ 1-4 

1 ■ 

34-0 

32-2 

2-0 

94 



r 

17-4 

1 1*3 

34*1 

32-4 

2-0 

95 





17*0 

1 

33-6 

32-3 

1-56 

96 





23*0 

1*6 

33-5 

1 32*3 

1-44 

97 





22*8 

1*6 

34*0 

32*9 

1-32 

98 





23*0 

1-4 

33*4 

31-6 

2*0 

99 


September 



23*2 

M 

34*0 

32-2 

2*0 

100 1 




24*0 

1*3 

35*0 

34-0 

1-2 

i 

101 j 





24*0 

1*4 

35*2 

34*1 

1*32 

102 





22*6 

1*4 

34-8 

33-9 

1*08 

■ 103 




r. 

22-4 

M 

34*4 

j 

33-0 

1*68 

104 





22*4 

1*0 

1 34*4 

33*0 

1-G8 

105 


October 



22*0 

1*3 

33*6 

31-8 

2*0 

106 


t 



21-9” 

1*4 

33-7 

31-9 

2*0 

107 





22*0 

1*3 

33*0 

31-9 

2*0 

108 




' 

24*8 

1*1 

34-0 

32*3 

2-0 

109 

1 

November 



24*6 

1*2 

34*2 

32*8 

1*68 

110 

. 

' 



24*6 

M 

34*0 

32*5 

1*8 

111 

1 




24-4 

1*1 

33-8 

32-9 

1-08 

112 

' 



- 

30-4 

2*6 

31-2 

39-3 

2-06 

113 





30-8 

2-6 

30-8 

29-0 

2-06 

114 


December 



30*4 

2*2 

32*7 

31-1 

1-92 

115 





30-6 

2*2 

31*6 

30-6 

1-2 

116 




- 

30*1 

2*1 

3M 

30-0 

1*32 
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Table ll—contd* 


Serial. 

No..; 

Sample 

Month 


EV. 

I.V. 

SCN.V. 

Per ociit 
of linoloio 
acid 

; 117 

Bangalore (I. D. R. I.) 



" 30-4 

2*2 

32*6 

30*8 

3*06 


i — conld. 








■ 118 




27-4 

1*2 

32*0 

31*0 

1*92 

119 


January 


27-6 

1*0 

32*5 

31*0 

1*9 

120 




f27*4 

1*1 

32*6 

31*1 

1*8 

121 




27-6 

1*2 

32*6 

31*1 

1-8 

122 




' 31-2 

1*7 

29*9 

27*9 

2*4 

123 




31*0 

1*7 

30*0 

28*0 

2*4 



1 February 

-1 






■ m 




29*1 

1*6 

28*8 

26*9 

2*28 

125 




^ 29*1 

1-6 

28*9 

27*2 

2*04 

126 




" 29*1 

1*8 

28*8 

20-9 

2*28 

127 




29*0 

1*6 

28*7 

27*0 

.2-04 

128 




29*0 

1*8 

28*8 

27*0 

2-06 

129 




36*4 

1*7 

29*4 

27-6 

2-06 

130 




36*4 

1*6 

30*0 

28-2 

2-06 

131 




29*2 

1*8 

28*9 

28-0 

1-08 



March 







132 




29*3 

1*6 

29*0 

28-0 

1-2 

133 




30*0 

1*6 

30*1 

■ 29-1 

1-2 

134 




17*8 

0*6 

33*6 

32-1 

1-8 

135 




17*9 

0*6 

33*6 

32-0 

1-9 

136 




20*2 

1*0 

31*9 

30*8 

1-3 

137 

Nagpur . 



26*8 

0*7 

28*1 

26*9 

1-44 

138 




■ 27*9 

0*7 

28*3 

26-9 

1-68 

139 




26*0 

1*3 

28*2 

26-6 

1-9 

140 




25*6 

1*3 

36*8 

34-9 

2-08 

. .141 




28*9 

0*7 

32*0 

31*0 

1-2 

142 




30*8 

0*7 

32*3 

3M 

1-44 

143 




29-0 

2-0 

36*0 

35*0 

1-20 

144 




28-6 

2‘1 

36*2 

35*0 

1-44 

146 




28*6 

2*1 

36*2 

34*8 

1-68 
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Table II — contA, 


Serial 

No. 

Sample 

Month 

R.M. 

P.V. 

I.V. 

SCN.V. 

Per cent 
of linoleic 
acid 

14(5 

Nagpur — contd. 


23-0 

1-7 

41-1 

40>1 

1-2 

147 



22-9 

1-7 

4M 

40‘I 

1-2 

148 



20-4 

2- 3 

37-3 

36-0 

; i'56 

149 



20-3 

2'2 

37*3 

36-0 

1-56 

150 



28-3 

2-4 

25-9 

24*2 

2-0 

■ 161 



28-3 

2-4 

26-0 

25-0 

1-2 

152 



27-9 

2*3 

26-1 

26-1 

1-2 

153 



18-6 

2-0 

38-8 

37-9 

1-08 

154 



18*9 

2-0. 

38-6 

37-0 

1-92 

155 

Dokri-Siiid 


' 28-3 

1>1 

30-9 

29-8 

1-32 

156 



27-3 

l-O 

29*8 

28-8 

1'2 

157 



21-8 

0*7 

42-7 

41 >9 

0-72 

158 



1 20-0 

1-0 

35-0 

34-0 

1-2 

159 



25-0 

0*8 

36-2 

36a 

1-32 

160 



30-1 

1-7 

34-7 

34-6 

(ia2 

. 161 

Porbander 


“ , 15-7 

0-6 

37-9 

36-8 

! 1*32 

162 



17-4 

M 

39-9 

38-2 

•2-0 

163 



17-3 

0-5 

37 <5 ' 

36-0 

1*8 

164 



20-5 

2-1 

36-8 

35-3 

■1*8 

165 



29-7 

2'4 

36 >3 

34-6 

' -2*0 

166 



25-9 

1-7 

30di 

29-8 

0*96 

167 



20-4 

0-6 

33-5 

32*0 

1-8 

168 



[ 20-5 

2*0 

36-8 

35-9 

; 4 -os 

1(59 

Bombay 


32-9 

1-5 

27-5 

■' 2()*8 

0*84 


(W.'I. (1. Co., Ltd.), 







170 



39-1 

4-1 

30-7 

29-2 

1*8 

171 



37-7 

2*1 

30-7 

29-6 

1*32 

172 



I 28-3 

2-7 

28-8 

28-0 

0'9(i 

173 



27-6 

2-3 

30-2 

29-2 

1*2 

174 



[ 28-3 

2-7 

28-8 

. 27- 0 

] '■ ' '2*0 
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Table Il'—cowfd!. 


Serial 

No. 

Sample 

Month 

R.M. 

P.V. 

T.V. 

SCN.V. 

For oont 
of liiiolwio 
acid 

176 

Nepalganj 


r 18>6 

hi 

45' 1 

44' 1 

„ 1'2 

176 



21-2 

hS 

44*6 

42-9 

2'0 

177 



26-6 

1-2 

40-2 

39-2 

1'2 

178 



20-6 

1-6 

44*1 

43-0 

1'3'2 

179 



21-7 

M 

43-8 

42*1 

2*0 

180 



20*6 

2-7 

41-0 

40-1 

1'08 

181 



20*8 

2*4 

43-0 

42-0 

1*2 

182 



17*8 

2-1 

41- 9 

40-3 

I'92 

183 



10*9 

1-8 

43' 6 

42' 1 

1-8 

184 



17*6 

1*7 

45-0 

43-6 

i'68 

186 

N. W. F. P. 


'i 26*6 

3*0 

31-0 

30-0 

1*2 

186 



22‘8 

2*6 

33' 7 

32-4 

I'66 

187 



26-6 

3*1 i 

36-2 

34*1 

1-32 

188 



28* J 

3*2 

35'6 

34*1 

1-68 

189 



24*2 

2*6 

34*7 

33-0 

2«0 

190 



26-8 

3-1 

38' 8 

30*0 

0'D6 

191 



20-3 

2-0 

35-6 

34*1 i 

1*68 

192 



21*6 

2-6 

34-3 

33-0 

1*66 

193 



24-2 

2-8 

37*8 

36' 0 

2-0 

194 

Jliftllar (C, P.) 


' 25-1 

3-0 

30*8 

36*1 

2-0 

196 



27*4 

1-2 

32*7 

31'0 

2*0 

196 



17*0 

1*0 

34'5 

33-2 

1*56 

197 



17-8 

M 

34-5 

33'2 

1-66 

198 



21-6 

1-0 

28-0 

26*9 

1-32 

199 



18«0 

hS 

36-0 

36-0 

1*2 

200 



23-8 

3*0 

26'8 

25-0 

2*0 

201 



231 

2-3 

31-4 

30-0 

1-68 

202 


■ 1 

21-9 

1*0 

26'1 

24*0 

1*32 

203 

MancUa (C, P.) 


22-4 

0*7 

82'7 

31-3 

1-68 



December^ 1949j t. a. venkitasubkamanian AlsfD B. isr. banekjee 


Table ll--contd. 


Per cent 
of linoieic 
acid 


Month 


Mandla — contd. 


Nadiad (Bombay) 


Amraoti (0. P.) 




DBTEC'riOl'r OE ADUliTEKATION OF UUME 


Table ll—corifdf. 


|»er cent 
8CN.V. <'i' liiioloio 
acid 


Month 


241 Tikoti (C, P.) 


249 Banner (Jodhpur) 


255 Jallar (C. .P.) 





iJETBOTIOIs- 03? ADUi/i'EWATtON OP 

Table ll—contd^ 


'l>er cent 
of linoleic 
acid 


Month 


294 Yeotmal (0. P.) 


Samples from the Gentml Co7drvl Laboratory, Gawnpore 


Per cent 
of linoleio 
acid 


Month 


300 Gonda 




December, 1949 ] t. a. vENKiTASUBRAiiA^iiAN and b. n. baneejee 
Table II— 


3i0 


Per cent 
SCISr.V. oflirioleic 
acid 


KSerial 

No. 


Month 


Sample 


Shikohabad 


(rhee C4rading 
Station 
(Goya). 
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Table ll-^-cmdd. 


Serial 

No. 

yamplo 

Month 

Acid 

valuo 

H.M. 

IW. 

l.V. 

Hi'N.V. 

Per rcl)j 
uf lincO'S- 
jii'id 

34t 

186 


6d. 

24'0 

Mi 


;m4) 

;i-o 

345 

187 


7‘9 

27-0 

D8 

•Jih8 

28*0 

2*2 

346 

188 


7‘6 

25-6 

1*9 

26-0 

244) 

2-4 

347 

189 

■ .. 

7-9 

26-0 

D7 

3 DO 

2H-7 

2-7. 

348 

190 


8-7 

24-0 

1'8 

2l)-0 

274) 

2*4 

349 

191 


9-0 

26-1 

1-6 

2fi-0 

244) 

2-4 

.350 

102 


13-0 

24>l 

1-7 

27-0 

24-8 

2*7 

361 

Goncla 


O-l 

19-8 ' 

2-2 

:m> 

364) 

l’2 

352 




J8-4 

M 

37>7 

.36-4 

j-5 

363 




26'2 ; 

2>l 

36-2 

354) 

1*4 

364 




24-6 

2-r, 

UH-d 

36-8 

.(•4, 

355 




20-0 

:i*r) 

38-0 

37-0 

.1*2 

366 




18-2 

M) 


364) 

1-8 

357 




25-8 

1-9 

364) 

34-B 

1*4 

358' 




20-U 

2-0 

.38-.6 

32-4 

J-3 


Three of the samples were anayked for oonipoixeiit acids by the ester fractio^atloD 
inetliod with art electrically heated and packed column using the method employed 
by Smith and Dastiir [1938] of direct inethanolysis and separation of the lower 
acids in some quantity before undertaking the Twitchell separation. 

The results of ester fractionation are given in Table III. (p. 317). 


IIlMCUSSt ON AND SUMMARY 

It will be seen from the results tliat the main proposition is confirmed, that is 
genuine has not got more than two per cent of linoleic acid. Tkerefore, a safer 
criterion for detection of adulteration of yhae of low R. M. value, will be to detewnine its 
correlation constants [Achaya and Banerjeo, (947] and also its linoleic. acid content, 
i.e. imsaturated acids (iodine and thiocyanogen values). If the difference is not 
' above two per cent it can be passed as genuine. This is a inuch easier and simpler 
test than pliytosterol acetate test. 

A closer e^camination of the data shows that while by the e.stor fiaatiouation 
method, the linoleic acid is well below 2 per cent, 10 per cent of the results of iodine 
and thiocyanogen yalue determinations give figures between 2 to 2*5 per cent, An 
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Table III 


Chamctedstics of the samples of ^ee analyzed hy ester fractionation 


Wardha. (G. R) AKmedabad 


Excellent 
flavour and 
texture, quite 
white in 
colour 


Good flavour, 
small grains and 
pale yellow 


Good flavour 
light yellow 
in colour 


General characteristics 


R. M. 

P.V. 

I.V. 

s.v. 

Refractive index at 40“C, 
Acidity as oleic acid 


Fatty acid composition of ghees analyzed hy ester fractionation 


Junagadh 


Wardha (G. P.) Ahmedabad 


Saturated 

Butyric 


Gajjrylic 


Laurie 


Myristic 

Palmitic 


Stearic 


Arachidic 


Unsaturated 

Decenoio 


Dodecenoic 


Tetradeeenoic 


Palmitoleio 


Linoleio 


Gadoleic 
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explanation; has to be found for this deviation from the proposition Two other 
investigations carried on by B. N. Banerjee and K. T, Achaya (unpublisIiCHl data) 
provided the necessary explanation. If the component acids of the free t&tly acids 
of a stored or rancid high acid ghee or edible oil is analyzed, then it is found tluit as a 
result of the acidity development, acids of a different nature, often by c.art»ou break” 
down of normal acids, are formed and this happens witli both saturai.cd and 
unsaturated acids. Again, fresh ghee gives only a greenish fluoroseence wdicn vitswod 
in ultra-violet light with a yellow colour depending on the carotene content. But 
if the ghee is bleached with carbon to remove the carotene, then only tlie greenish 
fluorescence persists. Now, if a stored or rancid ghee with high f.f.a. is fliio reseed, 
then a bluish colour appears [Achaya and Banerjee, 1946]. Therefore a number of 
samples that gave more than two per cent linoleic acid was examined for their free 
fatty acidity and fluorescence colour in ultra-violet light. The results are given in 
Table IV. 


Table IV 


Table showing linoleic acid content^ /•/•». Jluorescence in ultra-violet light 


Sample (10 months old) 

£f.a. 

1 

Linoleic 

acid 

content 

Fluorescence in ultra-violet light 

f 

2-0 

2’6 

Pale yellow with bluish tint 

Shikohabad •i 

3-2 

2-6 

Palo blue with tint of green 

1 

4-0 

2-4 

Bluish purple 



6-1 

2.4 

Pale blue 

Aligarh •< 


i 7'0 

2'4 

Pal© blue 


L 

7*5 

2-0 

Bluish violet 


r 

8'0 

2-4 

Pale blue with faint green tint 

Gonda •< 

1 

1 

9C 

2-4 

Palo blue 


1 

9-6 

2-4 

Pale blue 

r 

10-6 

2*6 

Palo blue with touch of green 

Oawnporo J 

. 10*8 

2-0 

Palo blue 


110 

2-8 

Light blue 
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Table JSf--GonU. 


Sample (10 months old) 


Linoleic 

acid 

content 

I'luorescence in uifcra- violet light 

Bangalore (I. D. R. I.) 




Date of preparation 

Da 

,te of analysis 14-8-48 

8-8-48 

005 

1-82 

Greenish with a tint of yellow 

4-6-47 

i 1-06 

2-4 

Pale green with blue tint 

11-7-47 . 

0*50 

2*4 

Pale yellow with tinge of green 

17-7-47 ... i 

0-44 

2*30 

Palo yellow 

". 2-8-47 ■ ■ 

0-43 

2*30 1 

Light green 

14-8-47 

0-40 

, 2*0 j 

Greenish yello 

1-9-47 

^ 0-28 

■ ■ ■ 1*8 ., i 

Yellowish green ■ 

: 13-9-47 ■■■■ ■■ 

0-23 

■ ' 1*7 . ■ 

Greenish 

16-10-47 

0-16 1 

1*70 

Green 

14-11-47 

i . , 0-16 ■■! 

1*60 

Pale green 

12-12-47 

C-12 

1*70 

^ Light green 

4-1-48 

0-08 

1*60 

' Yellowish green 

7-2-48 

0-06 

1*60 

Light green 

12-3-47 

0'04 

1*40 

Light green with yellow tint 


Tbe free fatty acidity, length of storage of ghee and the bluish fluorescence confirm 
the proposition with additional data that in genuine fresh ghee, the Hnoleio acid 
content is never more than two per cent. In those ghees where the f.f.a. is high or 
rancidity is developed or stored for some time with development of off-flavour, the 
apparent Hnoleio acid (calculated from the iodine and thiocyanogen values) goes 
up from more than 2 per cent to 2*5 per cent. Though the difference between 
iodine and thiocyanogen values is expressed as linoleic acid, for some unknown reason 
probably the production of other acids containing two double bonds by some sort of 
desaturation mechanism involving mono-ethenoid unsaturated acids is quite possible. 
The present investigation provides an explanation for the non-linear relationship of 
blended or mixed ^lee in the co-relationship of the constants of ghee. The investi- 
gation now presented has given us sufficient data to state that the linoleic acid content 
of ghee, determined by calculation from iodine and thiocyanogen values, can be used 
as a means for distinguishing especially low R.M. genuine ghee from low R. M. ghee 
artificially brought about by adulteration. Caution must, however, be given against 
coconut oil type of adulteration which will easily be distinguished by Polenske data. 


•320 
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A simple ioclirse and thiooyanogen values determination does away with the necessity 
for phytosterol acetate test. It throws light on the possibility of fluorescence 
analysis of ghee to bo used as a physical method for grading of the latter. If only 
filters could be found out to distinguish products of rancidity from adulterants of 
ghee then tlie process would be still more simplified and adulteration question solved 
beyond measure. 
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ABSTRACT 

THE EFFECT OF HIXACHLORETHAHE-BENTONITE SUSPEN- 
SION ON THE LANCET FLUKE, DICROCOELIUM LANGEO-^ 
LATUM 

Mastin, M. Kaplan and Sotieios, Sakellarion (1947). Fei. 42, pp, 23-24 

T IVEE flukes are very coiuinon and economically iruportaut parasites of 
L^ijuroinants. In tke Mliy tracts where land snails abound, mixed infeotions 
of Fasciola spp. and DiGroiMelium dendriticum {sya.. D.lanGeolatum) are found. 
While carbon tetrachloride is an effective drug against adult specimens of Fasciola 
spp., it is ineffective against H. dendriticum and immature Fasciola spp., and is 
contraindicated under certain conditions. In this paper the joint authors report 
the results of their investigations on the efficacy of hexachlorethane against the 
lancet fluke in sheep. Hexachlorethane crystals were ground to a fine powder 
with a mortar and pestle. Bentonite was added to form a final concentration by 
weight of 90 per cent hexachlorethane and 10 per cent bentonite. Of that mixture 
497 gm. were added to 710 c. c. of water giving a final volume of about 900 c. c. 
A dose of 30 c. o. of that suspension, which contained 16 gm. of hexachlorethane, 
was administered to each of the five sheep showing advanced symptoms of disto- 
miasis. The animals were three to five years of age and weighed between 45 and 
50 lb. Food was withheld 6 hours before and 15 hours after the administration 
of the suspension. The animals were slaughtered 92 hours later and a massive 
infection with D. dendfiticum was found in the livers of four of them. Many young 
forms of F. hepatica -weve also present. The livers were not sclerotic. Hundreds 
of dead flukes were pressed out from the bisected bile ducts of each of the infected 
livers. No living flukes were found. The striking results obtained in that small 
scale experiment indicated the advisability of more comprehensive studies on the 
use oJ’ hexachlorethane in the treatment of D. dendriticum infections in ruminants. 
[H.D.S.3. 
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RHOTHANE (DDD) 

CONTROLS 

HORN FLIES, LICE AND TICKS. 
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